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This publication provides, for reference 
purposes, a detailed definition of the 
machine functions performed by System/370. 


The publication describes each function to 
the level of detail that must be understood 
in order to prepare an assembler-language 
program that relies on that function. [t 
does not, however, describe the notation 
and conventions that must be employed in 
preparing such a program, for which the 
user must instead refer to the appropriate 
assembler~language publication, such as the 
OS/VS-DOS/VSE-VM/370 Assembler Language, 
GC33-4010. 


The information in this publication is 


provided principally for use by 
aSssembler-~language programmers, although 
anyone concerned with the functional 


details of System/370 will find it useful. 
Note that this publication is written as a 
reference document and should not be 
considered an introduction ora textbook 
for System/370. It assumes the user has a 
basic knowledge of data processing systems 
and, specifically, the Systen/370, such as 
can be derived from the Introduction to IBM 
Data Processing Systems, GC20- 1684, and the 
IBM System/370 System Summary: Processors, 
GA22-7001. All publications relating to 
System/370 are listed and described in the 
IBM  System/370 and 4300 Processors 
Bibliography, GcC20-0901. 


All facilities discussed in this 
publication are not necessarily available 
on every model of System/370. Furthermore, 
in some instances the definitions have been 
structured to allow for some degree of 


extensibility, and therefore certain 
capabilities may be described or implied 
that are not offered on any model. 


Examples of such capabilities are the 
provisions for the number of channel-mask 
bits in the control register, for the size 


of the CPU address, and for the number of 
CPUs sharing main storage. The allowance 
for this type of extensibility should not 


be construed as implying any intention by 
IBM to provide such capabilities. For 
information about the characteristics and 
availability of features on aie specific 
System/370 model, use the functional 
characteristics publication for that model. 
The availability of features on Systemn/370 
models is summarized in the IBM System/370 
System Summary: Processors, GA22-7001. 


Largely because the publication is arranged 
for reference purposes, certain words and 
phrases appear, of necessity, earlier in 


PREFACE 


the publication than the principal 
discussions explaining then. The reader 
who encounters a problem of this sort 
Should refer to the index, which indicates 
the location of the key description. 


The information presented in this 
publication is grouped in 13. chapters and 
several appendixes: 


some of the major 


Introduction highlights 
features of System/370. 


Organization describes the major groupings 
within the system--the central processing 
unit (CPU), storage, and input/output--with 
some attention given to the composition and 
characteristics of those groupings. 


Storage explains formats, 


the information 


the types of addresses used to access 
Storage, and the facilities for storage 
protection. It also deals with dynamic 
address translation (DAT), which, coupled 


with special programming support, makes the 
use of a virtual storage possible in 
Systen/370. DAT eliminates the need to 
assign a program toa fixed location in 
real storage and thus reduces the 
addressing constraints on system and 
problem programs. 


Control describes in depth the facilities 
for the switching of system status, for 
special externally initiated operations, 
and for debugging and timing the’ systen. 
It deals specifically with CPU states, 
control modes, the program-status word 
(PSW), control registers, proqram-event 
recording, timing facilities, resets, store 
status, and initial program loading. 


Program explains the role of 
instructions in program execution, looks in 
detail at instruction formats, and 
describes briefly the use of the program 
status word (PSW), of branching, and of 
interruptions. It contains the principal 
description of the dual-address-space (DAS) 
facility. It also details the aspects of 
program execution on one CPU as observed by 
channels or another CPU. 


Execution 


Interruptions details the System/370 
mechanism that permits the CPU to change 


its state as a result of conditions 
external to the system, within the systen, 


or within the CPU itself. Six classes of 
interruptions are identified and described: 
machine-check interruptions, program 
interruptions, supervisor-call interrup- 


tions, external interruptions, input/output 
interruptions, and restart interruptions. 


iii 


General Instructions contains detailed 
descriptions of all unprivileged 
instructions, except for the decimal and 


floating-point instructions. 


detail 
together 
make up the 


Decimal Instructions describes in 
the decimal instructions, which, 

with the general instructions, 
commercial instruction set. 

Floating-Point Instructions contains 
detailed descriptions of the instructions 
provided by the floating-point feature and 


by the extended-precision floating-point 
feature. 
Control Instructions contains detailed 





descriptions of all of the semiprivileged 
and privileged instructions, except for the 
I/O instructions. 


Machine-Check Handling describes the 
System/370 mechanism for detecting, 
correcting, and reporting machine 
malfunctions. 


explains the 


Input/Output Operations 


programmed control of I/O devices by the 
channel and by the CPU. It includes 
detailed descriptions of the I/o 
instructions, channel-command words, and 


other I/O-control formats. 

Operator Facilities describes the basic 
Manual functions and controls available for 
operating and controlling the systen. 

The Appendixes include: 

number 


e Information about 


representation 
e Instruction-use examples 


e Lists of the instructions arranged in 
several sequences 


e Summary of condition-code settings 


iv 


e A list of the System/370 facilities 
and an indication of their 
availability as features on models 
that implement the Systemn/370 
architecture. 


e A table of the powers of 2 


e Tabular information helpful in dealing 
with hexadecimal numbers 


e An EBCDIC chart 


e A discussion of changes affecting 
compatibility between System/360 and 
Systen/370 

e A discussion of changes affecting 


compatibility within System/370 


SIZE NOTATION 


The letters K and 
219 and 229, 


M denote the multipliers 
respectively. Although’ the 
letters are borrowed from the decimal 
system and stand for kilo (103) and mega 
(10%), they do not have the decimal meaning 
but instead represent the power of 2 
closest to the corresponding power of 10. 
Their meaning in this publication is as 
follows: 


SSeS SS 
| Symbol | Value | 

—_—__________—__ 
| K (kilo) | 1,024 = 210 | 
{ [ 
| M (mega) | 1,048,576 = 220 | 
eine RA eae See eae 2 ee Se Re ee ON 


The following are some 
of K and Ms: 


examples of the use 


2,048 is expressed as 2K. 
4,096 is expressed as 4K. 
65,536 is expressed as 64K (not 65K). 
224 is expressed as 16M. 


When the words "thousand" and "million" are 
used, no special power-of-2 meaning is 
assigned to then. 


The abbreviations used often in this 
publication and their meanings are given in 
the following list. Instruction mnemonics 


are listed in Appendix C-under "Instruc- 

tions Arranged by Mnemonic." 

AFT ASN first table 

AFTO ASN-first-table origin 

AFX ASN-first-table index 

AKM authorization key mask 

ASN address-space number 

AST ASN second table 

ASTE AST entry 

ASTO AST origin 

ASX ASN-second-table index 

AT authority table 

ATL authority-table length 

ATO authority-table origin 

AX authority index 

BC basic control (a mode bit in the 
PSW) 

CAI channel-available interruption 

CAW channel-address word 

CBC checking-block code 

CCW channel-command word 

CPU central processing unit 

CSW channel-status word 

DAS dual address space (facility) 

DAT dynamic address translation 

EC extended control (a mode bit in 
the PSW) 

EKM entry key mask 

ET entry table 

ETL entry-table length 

ETO entry-table origin 

EX entry index or execute 


hex 
ID 
IDAW 
ILC 
IML 
I/O 
IOEL 


IPL 


LT 

LTD 
LTL 
LTO 


LX 


PASN 
PC 
PC-cp 
PC-ss 


PCI 


PER 
PFRA 
PKA 
PSTD 
PSTL 
PSTO 
PSW 
PT 


PT-cp 


PT-ss 


hexadecimal 

identifier; identification 
indirect-data-address word 
instruction-length code 

initial microprogram loading 
input/output 

I/O extended logout 

initial program load 

1,924 (bytes) 

linkage table 

linkage-table designation 
linkage-table length 
linkage-table origin 

linkage index 

1,048,576 (bytes) 

primary ASN 

program call 

program call to current primary 
program call with space switching 


program-controlled interruption 
(flag in CCW or function) 


program-event recording 
page-frame real address 

PSW-key mask 

primary segment-table designation 
primary segment-table length 
primary segment-table origin 
program-status word 

program transfer 


program transfer to current 
primary 


program transfer with space 
switching 


PTL 
PTO 
PX 


RR 


RRE 


RS 


RX 


SASN 


SI 


SLI 


vi 


page-table length 
page-table origin 
page index 


register-and-register instruction 
format (or operation) 


register-and-register instruction 
format (or operation) using an 
extended operation code 


register-and-storage instruction 
format (or operation) 


register-and-indexed-storage in- 
struction format (or operation) 


implied-operand-and-storage in- 
struction format (or operation) 


secondary ASN 


storage-and-immediate-operand in- 
struction format (or operation) 


Suppress length indication (flag 
in cCcW) 


SS 


SSAR 


SSAR-cp 


SSAR~ss 


SSE 


SSTD 


SSTL 
SSTO 
STD 
STL 
STO 
TLB 


TOD 


storage-and-storage instruction 
format (or operation) 


set secondary ASN 


set secondary ASN to current 
primary 


set secondary ASN with space 
switching 


storage-and-storage instruction 
format (or operation) using an 
extended operation code 


secondary segment-table designa- 
tion 


secondary segment-table length 
secondary segment-table origin 
segment-table designation 
segment-table length 
segment-table origin 
translation-lookaside buffer 


time of day 


C 
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This publication describes the IBM 
System/370 architecture. The architecture 
of a machine defines its attributes as seen 
by the programmer, that is, the conceptual 
structure and functional behavior of the 
machine, as distinct from the organization 
of the data flow, the logical design, the 
physical design, and the performance of any 


particular implementation. Several 
dissimilar machine inplementations may 
conform to aosingle architecture. When 
programs running on different machine 


implementations produce the results that 
are defined by a single architecture, the 
implementations are considered to be 
compatible. 


IBM System/370 is a product of the 
experience gained in developing and using a 
few generations of compatible general- 
purpose systems. Starting with System/360 
as a base, it incorporates a number of new 
facilities, which are described below. 


e Dynamic address translation (DAT) is a 
facility that eliminates the need to 
assign a program to fixed locations in 
real main storage and thus reduces the 
addressing constraints on both systen 
and problem programs, provides greater 
freedom in program design. DAT 
permits a more efficient and effective 
utilization of main storage. When one 
of the operating systems for virtual 
storage is used, dynamic address 
translation allows the use of up to 
16,777,216 bytes of virtual storage. 
Two page sizes (2K and 4K bytes) and 
two segment sizes (64K and 1M bytes) 
are provided, although some models 
offer only the 64K-byte-segment Size. 
Extensions to this facility include 
the common-segment Eit, the use of 
which increases the effective size of 
the translation-lookaside buffer and 
thus improves CPU performance, and the 
instruction INVALIDATE PAGE TABLE 
ENTRY, which improves CPU performance 
in a demand-paging environment. 


e Channel indirect data addressing, a 


— a ee ee ——<— NN 


companion facility to dynamic address 


translation, provides assistance in 
translating data addresses for I/0 
operations. It permits a single 
channel-command word to control the 
transmission of data that spans 
noncontiguous areas of real main 
storage. 


Multiprocessing provides for the 
interconnection of CPUS to enhance 
system availability and share data and 
resources. It includes facilities for 
shared main storage, for programmed 
and special machine’ signaling between 
CPUs, and for the prog rammed 
reasSignment of the first 4,096 bytes 
of real storage for each CPU. 


Channel~set switching permits the 
collection of channels ina_e channel 
set to be connected to any CPU ina 
multiprocessing configuration. 


Timing facilities include a TOD clock, 
a clock comparator, and a CPU timer, 
along with an interval timer that is 
also available in System/360. The TOD 
clock provides a measure of elapsed 
time suitable for the indication of 
date and time; it has a cycle of 
approximately 143 years and a 
resolution such that the incrementing 
rate is comparable to the 
instruction-execution rate of the 
model. The clock comparator provides 
for an interruption when the TOD clock 
reaches a program-specified value. 
The CPU timer is a _ high-resolution 
timer that initiates an interruption 
upon being decremented past zero. 
Extended-precision floating point 
includes the facilities for addition, 
subtraction, and multiplication of 
floating-point numbers with a fraction 
of 28 hexadecimal digits. Included in 
the feature are instructions for 
rounding from extended to long and 
from long to short formats. 


Program~ event record ing provides 
program interruptions ona selective 
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basis as an aid in program debugging. 


The instruction MONITOR 
for passing control 
program when selected indicators are 
reached in the monitored program. It 
can be used, for example, in analyzing 
which programs get executed, how 
often, and in what length of time. 


CALL provides 
to a monitoring 


Recover extensions include 
CLEAR CHANNEL instruction, for 
performing an I/O-system reset on a 
channel and on the associated I/0 
interface, (2) provisions for a 
detailed indication of the cause of 
external damage, and (3) logout 
indications of whether the I/0 
interface is operative andthe logout 
valid. 


(1) the 


Protection 


sions include 
(1) low-address protection, the use of 
which increases’~ the protection of 
storage locations 0 through 511, which 
are vital to the system control 
progran, and (2) the TEST PROTECTION 
instruction, which can be used to 
perform tests for potential protection 


violations without causing program 
interruptions for protection 
exceptions. 


(DAS) facility 


cone ORE SR certs CN 


provides for the support of 
semiprivileged programs, which are 
executed in the problem state but 
which, when allowed by authorization 
controls, are also permitted to use 
additional capabilities previously 


available only through the assistance 


of supervisor-state programs. The 
capabilities include (1) a PSW-key 
mask that controls the PSW keys which 
can be set by the program, (2) a 
second address Space, called the 
secondary address space, together with 
an address-space-control bit in the 


PSW that permits the program to switch 
between the primary and secondary 
address spaces, and (3) a table-based 
linkage mechanism which permits a 
prooram with one authority to call a 
program with greater authority. 

The 


service-signal external 


a Signal that the service processor 
has completed a function that was 
reguested by means of the DIAGNOSE 


instruction. 


The instruction TEST BLOCK permits the 
program to test the usability of a 
block of storage. 


The instruction BRANCH ANC SAVE may be 


used in place of BRANCH AND LINK when 
it is desirable to obtain the 
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without the 
program mask, 


instruction address 
instruction-length code, 
and condition code. 


e The block-multiplexer channel, which 
permits concurrent processing of 


multiple channel programs, provides an 
efficient means of handling I/O 
devices that transfer data on the I/0 
interface at a high data rate but have 
relatively long periods of channel 
inactivity between transfers. 


Systen/370 is a general-purpose system that 
can readily be tailored for a variety of 
applications. A commercial instruction set 
provides the basic processing capabilities 
of the systen. If the floating-point 
feature is installed with the commercial 
instruction set, a universal instruction 
set is obtained. Adding other features, 
such as the extended-precision floating- 
point feature or the conditional-swapping 
feature, extends the processing 
capabilities of the system still further. 


System/370 has the capability of addressing 
a main storage of 16,777,216 bytes, and the 
System/370 translation feature, used with 
appropriate programming support, can 
provide a user this maximum address space 
even when a lesser amount of real storage 
is attached. This feature and this support 
permit a System/370 model with limited real 
storage to be used for a much wider set of 
applications, and they ma ke many 
applications with requirements for 
extensive storage practical and convenient. 
Additionally, for many System/370 models, 
the speed of accessing storage is improved 
by the use of a cache. The cache is a 
buffer--not apparent to the user--that 
often provides information requested from 
storage without the delay associated with 
accessing storage itself. 


Another major aspect of the general-purpose 
design of System/370 is the capability 
provided to attach a wide variety of I/0 
devices through a Selector channel and two 
types of multiplexing channels. System/370 
has a byte-multiplexer channel for the 
attachment of unbuffered devices and of a 
large number of communications devices. 
Additionally, it offers a block-multiplexer 
channel, which is particularly well-suited 
for the attachment of buffered devices and 
high-speed cyclic devices. 


An individual Systemn/370 installation is 
obtained by selecting the system components 
best suited to the applications from a wide 
variety of alternatives in internal 
performance, functional ability, and 


input/output. 


COMPATIBILITY 


ES AT AS 


COMPATIBILITY AMONG SYSTEM/370 MODELS 


Although 
implementation 
logically 

compatible. 
Simplicity 
system backup, 
Specifically, any 


models of System/370 differ in 
and physical capabilities, 
they are upward and downward 
Compatibility provides for 

in education, availability of 
and ease in system growth. 
program gives identical 


results on any model, provided that it: 


I 


2. 


Is not time-dependent. 


Does not depend on system facilities 
(such as storage capacity, I/O 
equipment, or optional features) being 
present when the facilities are not 
included in the configuration. 


Does not depend on system facilities 
being absent when the facilities are 
included in the configuration. For 


example, the program should not depend 
on interruptions caused by the use of 
operation codes or command codes that 
in some models are not assigned or not 
installed. Also, it must not uSe or 
depend on fields associated with 
uninstalled facilities. For example, 
data should not [Fre placed in an area 
used by another model for logout. 
Similarly, the program must not use or 
depend on unassigned fields in machine 
formats (control registers, 
instruction formats, etc.) that are 
not explicitly made available for 
program use. 


Does not depend on results or 
functions that are defined in this 
publication to be unpredictable or 
model-dependent, or on special-purpose 
functions (such as emulators) that are 
not described in this’ publication. 
This includes the requirement that the 


program should not depend on the 
aSsignment of I/O addresses and CPU 
addresses. 


Does not depend on results or 
functions that are defined in the 
functional-characteristics publication 
for a particular model to be 
deviations from this publication. 


Takes into account those changes made 
to the original Systemn/370 
architectural definition that affect 


compatibility among System/370 models. 
These changes are described in 
Appendix I. 


COMPATIBILITY 
SYSTEM/370 


BETWEEN SYSTEM/360 AND 


Systen/370 is forward-compatible from 
System/360. A program written for _ the 
System/360 will run on the Systemn/370, 
provided that it: 

1. Observes the limitations described in 


the preceding section. 


2. Does not use PSW bit 12 as an ASCII 
bit (a special case of the second rule 
in the preceding section). 


3. Does not use or depend on main-storage 
locations assigned specifically for 
System/370, such as the interruption- 
code areas, the machine-check’- save 
areas, and the extended-logout area (a 
special case of the third rule in the 
preceding section). 


4 Takes into account other changes made 


to the System/360 architectural 
definition that affect compatibility 
between Systemn/360 and System/370. 


These changes are described in 


Appendix H. 


rogramming Note 


This publication assigns meanings to 
various operation codes, to bit positions 
in instructions, channel-command words, 


registers, and table entries, and to fixed 
locations in the low 512 bytes of storage 
(addresses 0-511). Other operation codes, 
bit positions, and low-storage locations 


are specifically noted as being available 


for programming use. The remaining ones 
are unasSigned and reserved for future 
asSignment to new facilities and other 


extensions of the architecture. 


To ensure that existing programs run if and 
when such new facilities are installed, 
programs should not depend on an indication 
of an exception as a result of invalid 
values that are currently defined as being 
checked. If a value must be placed in 
unassigned positions that are not checked, 


the program should enter zeros. When the 
machine provides a code or field, the 
program should take into account that new 


codes and bits may be assigned in the 
future. The progran should not use 
unassigned low-storage locations for 


keeping information since these locations 
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may be assigned in the future in such a way 
that the machine causes this location to be 
changed. 


The system is deSigqned to operate witha 
supervisory program that coordinates the 
use of system resources and executes all 
I/0 instructions, handles exceptional 
conditions, and supervises scheduling and 
execution of multiple programs. 


AVAILABILITY 


SKS ST Sc 


Availability is the capability of a system 
to accept and successfully process an 
individual job. System/ 370 permits 
substantial availability by (1) allowing a 
large number and broad range of jobs to be 
processed concurrently, thus making the 
system readily accessible to any particular 
job, ‘and (2) limiting the effect of an 
error and identifying more precisely its 
cause, with the result that the number of 
jobs affected by errors is minimized and 
the correction of the errors facilitated. 


Several design aspects make this possible. 


e A program is checked for the 
correctness of instructions and data 
as the program is executed, and 
program errors are indicated separate 
from equipment errors. Such checking 
and reporting assists in locating 
failures and isolating effects. 


e The protection facilities, in 
conjunction with dynamic address 
translation, permit the protection of 
the contents of storage fron 
destruction or misuse caused by 
erroneous or unauthorized storing or 
fetching by a program. This provides 
increased security for the user, thus 
permitting applications with different 
security requirements to be processed 
concurrently with other applications. 


e Dynamic address translation allows 
isolation of one application from 
another, still permitting them to 
share common resources. Also, it 


1-4 Systemn/370 Principles of Operation 


permits the implementation of virtual 
machines, which may be used in the 
design and testing of new versions of 


operating systems along with the 
concurrent processing of application 
programs. Additionally, it provides 


for the concurrent operation of 
incompatible operating systems. 


Multiprocessing and channel-set 
switching permit better use of storage 
and processing capabilities, more 


direct communication between CPUs, and 
duplication of resources, thus aiding 
in the continuation of system 
operation in the event of machine 
failures. 


MONITOR CALL, program-event recording, 
and the timing facilities permit the 
testing and debugging of programs 
without manual intervention and with 
little effect on the concurrent 
processing of other programs. 


Emulation is performed under 
supervisory program control, thus 
making it possible to perform 
emulation concurrently with other 
applications. 


On most models, error checking and 
correction (ECC) in main storage, 
instruction retry, and command retry 
provide for circumventing intermittent 
equipment malfunctions, thus reducing 
the number of equipment failures. 


An enhanced machine-check handling 
mechanism provides model-independent 
fault isolation, which reduces’ the 
number of programs impacted by 
uncorrected errors. Additionally, it 
provides model-independent recording 
of machine-status information. This 
leads to greater machine-check 
handling compatibility between models 
and improves’ the capability for 
loading and running a program on a 
different model when a system failure 
occurs. 


A small number of manual controls are 
required for basic system operation, 
permitting most operator-system 
interaction to take place via a unit 
operating as anI/O device and thus 
reducing the possibility of accidental 
operator errors. 
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Operator Facilities 


Logically, System/370 consists of main 
storage, one or more central processing 
uhits (CPUs), operator facilities, 
channels, and input/output devices. 
Input/foutput devices are usually attached 
to channels through control units. The 
physical identity of these functions may 
vary among implementations, called 
"models." The figure "Logical Structure" 
depicts the logical structure for a 
single-CPU system and for a two-CPU 
multiprocessing systen. 

Specific processors may differ in their 
internal characteristics, the number and 
types of channels, the size of main 
storage, and the representation of the 
operator facilities. The differences in 
internal characteristics are apparent to 


the observer only as differences in machine 
performance. 


Model-dependent configuration 
be provided to change 
storage and the number of CPUs. In some 
instances, the configuration controls may 
be used to partition a single system into 
multiple systems. Each of the systems so 
configured has the Same structure, that is, 
Main storage, one or more CPUs, and 
channels. Each system is isolated from the 
other in that the main storage in one 
system is not directly addressable by the 
CPUs and channels in the other. It is, 
however, possible for one systen to 
communicate with another by means of shared 
t70 devices or a channel-to-channel 
adapter. At any one time, the storage, 
CPUs, and channels connected together in a 
system are referred to as being in the 
configuration. Each CPU and storage 
location can be in only one configuration 
at a time. 


controls may 
the amount of main 
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MAIN STORAGE 





Main storage provides the system with 
directly addressable fast-access' storage. 
Both data and programs must be loaded into 
main storage from input devices before they 
can be processed. The amount of main 
storage available on the system depends on 
the model, and, depending on the model, the 
amount in the configuration may be under 
control of model-dependent configuration 
controls. The storage is available in 
multiples of 2,048-byte blocks. At any one 
time, each block of storage in the 
configuration is addressed with the same 
absolute addresses by all CPUs and channels 
in the configuration. Each block of 
storage is accessible to all CPUs and 
channels in the configuration. 

Main storage may be 
CPU 


either physically 
integrated with a or constructed as 
standalone units. Additionally, main 
storage may be composed of large-volume 
storage and a faster-access buffer storage, 
sometimes called a_ cache. Each CPU) may 
have an associated cache. The effects, 
except on performance, of the physical 
construction and the use of distinct 
storage media are not observable by the 
progran. 
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Logical Structure 
CENTRAL PROCESSING UNIT process binary integers and floating-point 
numbers of fixed length, decimal integers 
of variable length, and logical information 
The central processing unit (CPU) is the of either fixed or variable length. 
controlling center of the systen. It Processing may be in parallel or in series; 
contains the sequencing and processing the width of the processing elements, the 
facilities for instruction execution, multiplicity of the shifting paths, and the 
interruption action, timing functions, degree of simultaneity in performing the 
initial program loading, and other different types of arithmetic differ from 
machine-related functions. one CPU to another without affecting the 


logical results. 
The physical makeup of the CPU may differ 


among models, but the logical function Instructions which the CPU executes fall 

remains the same. The result of executing into five classes: general, decinal, 

a valid instruction is the same _ for each floating-point, control, and input/output 

model. instructions. The general instructions are ) 
used in performing fixed-point arithmetic 

The CPU, in executing instructions, can operations and logical, branching, and 
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ot her nonarithmetic operations. The 
decimal instructions operate on data in the 
decimal format, and the floating-point 
instructions on data in the floating-point 
format. The control instructions and the 
input/output instructions are privileged 
instructions that can be executed only when 
the CPU is in the supervisor state. 


To perform its functions, the CPU may use a 
certain amount of internal storage. 
Although this internal storage may use the 
same physical storage medium as main 
storage, it is not considered part of main 
storage and is not addressable by programs. 
The CPU provides registers which are 
available to programs but do not have 
addressable representations in main 
storage. They include the current 
program-status word (PSW), the general 
registers, the floating-point registers, 
the control registers, the prefix register, 
and the registers for the TOD clock, the 
clock comparator, andthe CPU timer. The 
instruction operation code determines which 
type of register is to be used in an 
operation. See the figure "General, 
Floating-Point, and Control Registers" 
later in this chapter for the format of 
those registers. 


PROGRAM~-STATUS WORD 


The program-status word 
instruction address, condition code, and 
other information used to control 
instruction sequencing and to determine the 
state of the CPU. The active or 
controlling PSW is called the current PSW. 


(PSW) includes the 


It governs the program currently being 
executed. 
The CPUQ has an interruption capability, 


which permits the CPU 
another program in 


to switch rapidly to 
response to exceptional 
conditions and external stimuli. When an 
interruption occurs, the CPU places the 
current PSW in an assigned storage 
location, called the old-PSW location, for 
the particular class of interruption. The 
cpu fetches a new PSW from a_e second 
assigned storage location. This new PSW 
determines the next program to be executed. 
When it has finished processing the 


interruption, the interrupting program 
reloads the old PSW, making it again the 
current PSW, so that the interrupted 
program can continue. 

There are six classes of interruption: 
external, I/0, machine check, progran, 


restart, and supervisor call. Each class 
has a distinct pair of old-PSW and new-PSW 
locations permanently assigned in storage. 


GENERAL REGISTERS 


Instructions may designate information in 
one or more of 16 general registers. The 
general registers may be used as 
base-address registers and index registers 
in address arithmetic and as accumulators 
in general arithmetic and logical 
operations. Each register contains 32 
bits. The general registers are identified 
by the numbers 0-15 and are designated by a 
four-bit R field in an instruction. Some 
instructions provide for addressing 
multiple general registers by having 
several R fields. For some instructions, 
the use of a specific general register is 
implied rather than explicitly designated 
by an R field of the instruction. 


For some operations, two 
registers are coupled, providing a 64-bit 
format. In these operations, the program 
must designate an even-numbered register, 
which contains the leftmost (high-order) 32 
bits. The next higher-numbered register 
contains the rightmost (low-order) 32 bits. 


adjacent general 


In addition to their use as accumulators in 
general arithmetic and logical operations, 
15 of the 16 general registers are also 
used aS base-address and index registers in 
address generation. In these cases, the 
registers are designated by a four-bit B 
field or X field in an instruction. A 
value of zero in the B or X field specifies 
that no base or index is to be applied, 
and, thus, general register 0 cannot be 
designated as containing a base address or 
index. 


FLOATING-POINT REGISTERS 


Four floating-point registers are available 
for floating-point operations. They are 
identified by the numbers 0, 2, 4, and 6. 
Each floating-point register is 64 bits 
long and can contain either a short 
(32-bit) or a long (64-bit) floating-point 


operand. A short operand occupies’ the 
leftmost bit positions of a floating-point 
register. The rightmost portion of the 


register is ignored and 
in arithmetic operations that call for 
short operands. Two pairs of adjacent 
floating-point registers can be used for 
extended operands: registers 0 and 2, and 
registers 4 and 6. Each of these pairs 
provides for a 128-bit format. 


remains unchanged 
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CONTROL REGISTERS 


The CPU has provisions for 16 control 
registers, each having 32 kit positions. 


The bit positions in the registers are 
assigned to particular facilities in the 
system, such aS program-event recording, 


and are used either to specify that an 


operation can take place or to furnish 
special information required by the 
facility. 


The control registers are identified by the 
numbers 0-15 and are designated by four-bit 
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R fields in the instructions LOAD CONTROL 
and STORE CONTROL. Multiple control 
registers can be addressed by these 
instructions. 


INPUT AND OUTPOT 


Input/foutput (1/0) operations involve’ the 
transfer of information between main 
storage and an I/O device. I/0 devices and 
their control units attach to channels, 
which control this data transfer. 


J 


C 


C 
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Note: The brackets indicate that the two registers may be coupled as a double—register 
pair, designated by specifying the lower—numbered register in the R field. For 
example, the general-register pair 0 and 1 is designated in the R field by the number 0. 
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CHANNEL SETS 


The group of channels which connects toa 
particular CPU is called a channel set. 
When channel-set switching is installed in 


a multiprocessing system, the program can 


control which CPU is connected to a 
particular channel set. A CPU can be 
connected to only one channel set at a 


time, and a channel set can be connected to 
only one CPU at a time. 


CHANNELS 


A channel relieves the CPU of the burden of 
communicating directly with I/0 devices and 
permits data processing to proceed 
concurrently with I/0 operations. A 
channel is connected with main storage, 
with control units, and with a CPU. 


A channel may be an independent unit, 
complete with the necessary logical and 
internal-storage capabilities, or it may 
time-share CPU facilities and te physically 
integrated with the CPU. In either case, 
the functions performed by a channel are 
identical. The maximum data-transfer rate 


may differ, however, depending on the 
implementation. 

There are three types of channels: byte- 
multiplexer, block-multiplexer, and 


selector channels. 
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INPUT/OUTPUT DEVICES AND CONTROL UNITS 


Input/foutput devices include such equipment 
as card readers and punches, magnetic-tape 


units, direct-access Storage, displays, 
keyboards, printers, teleprocessing 
devices, communications controllers, and 


sensor-based equipment. 
function with 


Many I/O devices 
ah external medium, such as 
punched cards or magnetic tape. Some I/0 
devices handle only electrical signals, 
such as those found in sensor-based 
networks. In either case, 1/0O-device 
operation is regulated by a control unit. 
In all cases, the control-unit function 
provides the logical and buffering 
capabilities necessary to operate the 
associated I/O device. From the 
programming point of view, most 
control-unit functions merge with 
T/O-device functions. The control-unit 
function may be housed with the I/O device 
or in the CPU, or a separate control unit 
may be used. 


OPERATOR FACILITIES 





The operator facilities provide the 
functions necessary for operator control of 
the machine. Associated with the operator 
facilities may be an operat or-console 
device, which may also be used as an I/0 
device for communicating with the progran. 


The main functions provided by the operator 
facilities include resetting, clearing, 
initial program loading, start, stop, 
alter, and display. 


CHAPTER 3. 


STORAGE 


SEOrAde- Addr eSSi NG) aicrewe die coneieiie endo wi ateiea eb aie hee ee Se Siew eereiewie eee 2 
ENLOPMAtTTON: FORM AUS: -6or0eeceia see els SS Sree Oe ee. w: Se eS A Oe were eee eee OTe 
Tnteqral BOuUndarles: 6.46.066.66606 6wee ede SN Sees awn dei dees ween ee SS 
Byte-Oriented-Cperand Feature wee ccccc cece c cc ccc ce cr cccccccece se 3-4 

RGU KeSS “TYPES s656 caw bw 6 RWS CoO SOS SERS A CR S:S OOS SO NS SSS ee Se ee SHH 

ADSOILUC Ee AGGDESS: \s ad. de wie wrk w Woe 0 5e-e are Siow eee Sele WA eee ee CS eeee cua 4 
Real AGG CSS oc: 6.e.6:-dincw we ee i ew © eer eevee Sate we S esl Guale el ereie eae Se a wereeeo > 
EBRfCCLiVe AAdreSS' pisesw eae 66s aah ses Siow ee Gace alee See eee eee e 
ViTtUal AGALESS. wise So aw eS weiss SW ie wie w See Sie ee ww Ose eee see ew oO 
Primary Virtual. AddlGSS sc do oss ws ees Ses Sea we Ses. oo wes 3 wees OT OD 
Secondary Vittidl AdGdrGSS. wcsici cess nG eS ee ene cee cisin ae sas woen 35 
LOG Cal: AGd?CSS> ..ee's, 256, om Ss Gus si eee S Se eee wee ae eee oe ee eee eeas= 
TNStEUCtION. RGGLCSS? wis sew eee es bie es Sie ewe Soa SG Rieawe see awe ecw dO 

SLOPAGeE: KEY sews sse.0d. twin ele @ we 6 ais ees aie 0 6 S80 Wierw ele a de oS Was Sees > 0 

PrOUCCULON: se oic- ss 8 6 66 wale sw Bd s:5 SSS B65 eee See eee ae ewes OHO 
Key-Control:lLed: PrOtECE LON: cscs eis iee se ei ee d-e'e eRe Se ele eae Bie eee noe sue OO 
TOW=AddressS Protection. sm 6.6 dé ae. 6 6 Sol ele we cie S ew eieee See O50 See eee OO 

REOFETreEnCe  RECOL LNG odie asdiae wie oad ae wo: wi ase ere ae wi Gl eiahdte erate ee'e Cel ate wa eno 

Change. RECOLT GING’ ss ens does Sw een Oe le CU ee ee ee ies TNS pases eeeaw eases 3-9 

PRET UXU NG vere e-siedecaaecar Steed ie-se 5: Sa OWS e- w os Male we. we eee Shwe awele ewe eee Ooo 

RAGLESS: (SU aACES® wid waters wie 6-6ie. Se 0S Ww Ses a woe ew elele bee ee Welw ewe eee een 1 

Dynamic Address TRANS LAt.1LON: <ii.0 0 5 06S So 6566686 ae Cow Seaweed Se eeieele ea o- 14 
Trans ation: CONES |. o6-os oe: wiw wae Neie ore wie: Bar diws wa 6 Rie ie Si Ae eee Sereta oO UZ 

RSW: Gs, engi eve Bre: site eres ohoe Se So: ww ein win are Ke B60) diel WS ie Sel Biwi ele wie eee Rue eo” Le 
CONETOL “REGIStECLr 0 uc es wide eee Se aaa Meee CS Ce eee aes eaaswee con 14 
CONntLTOL, REGISt GE ls sw ccscigidw we wicw eee Selassie ewe ese elewe nw sees os eaw.o- 14 
Control. REGIST ECr 7 4 bccn Sew su Sew wees wk sb eee eet e nwa ee. tee~e a enro~ 15 
TranSlat Lon. Valles: wee. se ldmd: Cd os 6b. bwn.e ea ee ee See See ee SS eee eon 15 
Segqment—-Table Ent rics 4:6sds6 én.08 weiade se 6 6S SS e See deo ete e<e S=15 
Pagej=Ta ble Ent rei6S. i. 6:.d.cvele:dce aieG nee wiele-e Qlaeee ds Sale wae ee ee SS dwe ooo 16 
Summary of Dynamic Address Translation FormatS 2.2.2.2 eeeeeees 3-16 
TRANSL At VON PLOCESS 6ae wares 6 AW wieia SWS ee ware ews SS ea ee wees eee w ale o> 17 
Effective Segment-Table DeSignation ...cc acces ccccccccccsecee 3-17 


Inspection of Control Register 0 


So aah ae ele ese tee enese. Ble oie wwe oe eS OO LU 


SEGment=Table. LOOKUD isis se Sis dw RS owe e.6 a wee SES a Ce eae wees Soe 20 
Page=1 a ble-. LOO Kp 6:6 .ctw eek eee wise a wine 650 oie we a6 ore WES Bee ee wee o- 20 
Formation: of the Real. -Addvess: éisscsde sie sre 05.6 05-8 wee ees eew es S21 
Recognition of Exceptions During Translation ......42.22202---3-21 
Translation—-Lookaside? BULfEY s.6:sssse suc eee ws wee see Se ewes caeewe S21 
Use of the Translation-Lookaside Buffer .....cccc ccc ccc cece ee 3722 
Modification of Translation TableéS <ccscsceosessecvevsescweceie 3-25 
RGdTeSsS “SWUM aEY ~seswsdib os eSw 6 oe SSeS oS -wioe iw e eels Soe Sess ce we eee ere) 
AGdreSses Translated vehc dws eee cut cee So Sow ced SASewe SON eh esx 3-27 
Handhing Of AddreSS@S: “6 és.e6 cass 2G 60 ew Se Webs Ds See eee es alee Sees 3728 
AsSSsigqgned..Storage Locations: sss 66665 kw ed sc eee eee owes eee ek aew ewe a O29 
Assigned Real-Storage Locations a.wweccccccccccscvescescesvccsces 3729 
Assigned Absolute Storage LocationS ..ccccccecccccvuncccecscevsece 3-32 


This chapter discusses the representation 
of information in storage, how information 
is addressed, address transformations, and 
protection. The chapter also contains a 
list of permanently assigned storage 
locations. 


The aspects of addressing which are covered 
include describing the format of addresses, 
introducing the concept of address spaces, 
defining the various types of addresses, 


and specifying the manner in which one type 
of address is translated to another type of 
address. Also presented are the mechanisms 
for selectively protecting portions of 
storage, the operation of change and 
reference recording, and lists of storage 
locations having permanently assigned uses. 


The tern "main Storage" (or "absolute 


storage") is used to describe that storage 
which is addressable by means of an 
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absolute address. This distinguishes 
fast-access storage from auxiliary storage, 
such as direct-access storage devices. 
Because most references to main storage 
apply to virtual storage, the abbreviated 
term "storage" is used in place of "virtual 
storage," and it is also used in place of 


"absolute storage" when the meaning is 
clear. 
Main storage provides the system with 


directly addressable fast-access storage of 
data. Both data and programs must be 
loaded into main storage (from input 
devices) before they can be processed. 


consist of standalone 
units or be integrated with a CPU. 
Additionally, main storage may be composed 
of large-volume storage and a faster access 
buffer storaqe, sometimes called a cache. 
Each CPU may have an associated cache. The 
effects, except on performance, of the 
physical construction and the use of 
distinct storage media are not observable 
by the proqran. 


Main storage nay 


Fetching and storing of data by the CPU are 
not affected by any concurrent I/O data 
transfer or by concurrent reference to the 
same storage location by another CPU. When 
concurrent requests to a main-storage 
location occur, access normally is granted 
in a sequence that assigns highest priority 
to references by channels and that 
alternates priority between CPUs. If a 
reference changes’ the contents of the 
location, any subsequent storage fetches 
obtain the new contents. 


volatile or 
volatile, the 
are not preserved 


Main storage may be 
nonvolatile. If it is 
contents of main storage 
when power is turned off. If it is 
nonvolatile, turning power off and then 
back on does not affect the contents of 
main storage, provided the CPU is in the 
stopped state and no references are made to 
main storage by channels when power is 
turned off. In both types of main storage, 
the contents of the keys in storage are not 
necessarily preserved when the power for 
Main storage is turned off. 


2 ee Se Se Se eS 


long horizontal 
most operations, 


Storage is viewed as a 
string of bits. For 
accesses to storage proceed in a 
left-to-right sequence. The string of bits 
is subdivided into units of eight bits. An 
eight-bit unit is called a byte, which is 
the basic building block of all information 
formats. 


Each byte location in storage is identified 
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by a unique nonnegative integer, which is 
the address of that byte location or, 
Simply, the byte address. Adjacent byte 
locations have consecutive addresses, 
starting with 0 on the left and proceeding 
in a left-to-right sequence. Addresses are 


24-bit unsigned binary integers, which 
provide 16,777,216 (224 or 16M) byte 
addresses. 


The CPU performs address generation when it 
forms an operand or instruction address, or 
when it generates the address of a table 
entry from the appropriate table origin and 


index. It also performs address generation 
when it increments an address to access 
successive bytes of a field. Similarly, 


the channel generates an address when it 
increments an address to fetch a channel- 
command word (CCW) from a CCW list, to 
fetch an indirect~data-address word (IDAW) 
from an IDAW list, or to transfer data. 


When, during address generation, an address 
is obtained that exceeds 22% - 1, the carry 


out of the high-order bit position of the 
address is ignored. This handling of an 
address of excessive size is called 


Wraparound. 


The effect of wraparound is to make the 
sequence of addresses appear circular; that 
is, address 0 appears to follow the maximum 
byte address, 16,777,215. Address 
arithmetic and wraparound occur before 
transformation, if any, of the address by 
DAT or prefixing. In 16M-byte storage, 
information may be located partially in the 
last and partially in the first locations 
of storage and is processed without any 
special indication of crossing the 
maximum-address boundary. 


INFORMATION FORMATS 


between storage 
one byte, ora 
time. Unless 


Information is transmitted 
and the CPU or a channel 
group of bytes, at a 
otherwise specified, a group of bytes in 
storage is addressed by the leftmost byte 
of the group. The number of bytes in the 
group is either implied or explicitly 
specified by the operation to be performed. 
When used in acCPU operation, a group of 
bytes is called a field. 


group of bytes, bits are 
left-to-right sequence. The 
referred to as 


Within each 
numbered ina 
leftmost bits are sometimes 


the "high-order" bits and the rightmost 
bits as the "low-order" bits. Bit numbers 
are not storage addresses, however. Only 


bytes can be addressed. To operate on 
individual bits of a byte in storage, it is 
necessary to access the entire byte. 


The bits in a byte are numbered QO through 
7, from left to right. 


The bits in anaddress are numbered 8 
through 31. Within any other fixed-length 
format of multiple hytes, the bits making 
up the format are consecutively numbered 
Starting from 0. 


For purposes of error detection, and in 
some models for correction, one or more 
check bits may be transmitted with each 
byte or with a qroup of bytes. Such check 
bits are generated automatically by the 
machine and cannot be directly controlled 
by the program. References in this 
publication to the length of data fields 
and registers exclude mention of the 


associated check bits. All storage 
capacities are expressed in number of 
bytes. 


When the length of an operand field is 
implied by the operation code of an 
instruction, the field is said to have a 
fixed length, which can be one, two, four, 
or eight bytes. Larger fields may be 
implied for control blocks associated with 
some instructions. 


When the length of an operand field is not 
implied but is stated explicitly, the field 
is said to have variable length. 
Variable-length operands can vary in length 
by increments of one byte. 


When information is placed in storage, the 
contents of only those byte locations are 
replaced that are included in the 
designated field, even though the width of 


the physical path to storage may be greater 
than the length of the field being stored. 


INTEGRAL BOUNDARIES 


Certain units of information 


must be 


located in storage on an integral boundary. 
A boundary is called integral for a unit of 
information when its storage address 


multiple of the length of 


bytes. Special names are given 


of two, four, and eight bytes when they are 
located on an integral boundary. 
halfword is a group of two consecutive 


bytes ona etwo-byte boundary 
basic building block of instructions. 


is a 

the unit in 
to fields 

A 

and is the 

A 


word is a group of four consecutive bytes 
on a four-byte boundary. A doubleword isa 


group of eight consecutive 
eight-byte boundary. (See 


"Tntegral Boundaries with 


Addresses.") 


bytes 


on 


an 


the figure 


Storage 


When storage addresses designate halfwords, 


words, and doublewords 


on 
boundaries, the binary representation 
three 


the address contains one, two, or 
rightmost zero bits, respectively. 


Instructions must appear 


on 


integral 


of 


two-byte 


integral boundaries, and channel-conmand 
of certain 
instructions must appear on other integral 


words and the storage operands 


boundaries. The storage operands 


of most 


instructions do not have boundary-alignment 


requirements. 
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- ——> Storage Addresses 


Bytes 1o}r;}tti~_2t sy~at~s tt e6etr7y sit 


Halfwords | 0 1 2 { 4 | 6 { 8 


Words | 0 ; 4 | 8 


Doublewords | 0 | 8 


Inteqral Boundaries with Storage Addresses 


BYTE-ORIENTED-OPERAND FEATURE ADDRESS TYPES 
The byte-oriented-operand feature is For purposes of addressing main storage, 
standard on System/370. This feature three basic types of addresses are 
permits st orage operands of most recognized: absolute, real, and virtual. 
unprivileged instructions to appear on any The addresses are distinguished on the 
byte boundary. basis of the transformations that are 
applied to the address during a_ storage 
The feature does not pertain to instruction access. In addition to the three basic 


addresses or to the operands for COMPARE 

AND SWAP (CS) and CCMFARE DOUBLE AND SWAP 

(CDS). Instructions nust appear on 

two-byte integral boundaries. The 

low-order bit of a branch address’ must be 

zero, and the instruction EXECUTE must 

designate the target instruction at an even 

byte address. COMPARE AND SWAP must | Absolute Address 

designate a four-byte integral boundary, 

and COMPARE DOUBLE AND SWAP must designate 

an eight-byte integral koundary. An absolute address is the address assigned 
to amain-storage location. An absolute 
address is used for a storage access 
without any transformations performed on 


types, additional types are defined which 
are treated as one or another of the three 
basic types, depending on the instruction 
and the current mode. 


Programming Note it. 

All cPUs and channels refer toa_e shared 
For fixed-field-length operations with main-storage location by using the same 
field lengths that are a power of 2, absolute address. Available main storage 
Significant performance degradation is is usually assigned contiguous absolute 
possible when storage operands are not addresses starting at 0, and the addresses 
positioned at addresses that are integral are always assigned in complete 2K-byte 
multiples of the operand length. To blocks. An exception is recognized when an 
improve performance, frequently used attempt is made to use an absolute address 
storage operands’ should be aligned on in a 2K-byte block which has not _ been 
integral boundaries. assigned to physical locations. On _ some 


models, storage-configuration controls may 
be provided which permit the operator to 
change the correspondence between absolute 
addresses and physical locations. However, 


3-4 System/370 Principles of Cperation 


at any one time, a physical location is not 
associated with more than one absolute 
address. 


Main storage consisting of byte locations 


sequenced according to their absolute 
addresses is referred to as absolute 
storage. 


Real Address 


A real address identifies a location in 
real storage. When a real address is used 
for an access to main storage, it is 
converted, by means of prefixing, to an 
absolute address. 

At any instant there is one real-address to 
absolute-address mapping for each CPU. in 
the system. When a real address is used by 
a CPU to access Main storage, it is 
converted to an absolute address by 
prefixing. The particular transformation 
is defined by the value in the prefix 


reqister for the CPU. 


Main storage consisting of byte locations 
sequenced according to their real addresses 
is referred to as real storaae. 


ffective Address 


ee ee —— es ee 


In some situations, it is convenient to use 
the term “effective address." An effective 
address is the address which results from 
address arithmetic, before address 
translation, if any, is performed. Address 
arithmetic is the addition of the base and 
displacement or of the base, index, and 
displacement. Address translation converts 
virtual to real, and prefixing converts 
real to absolute. 


Virtual Address 


A virtual address identifies a location in 
Virtual storage. When a virtual address is 
used for an access to main storage, it is 
translated by means of dynamic address 
translation toa real address, which is 
then further converted to an absolute 


address. 





virtual 
by means 


is a 
be translated 


A primary virtual address 
address which is to 


of the primary segment-table designation. 
Without DAS, all logical addresses are 
treated as primary virtual when DAT is on. 


With DAS, logical addresses and instruction 
addresses are treated as primary virtual 
when in primary-space mode. The 
first-operand address of MOVE TO PRIMARY 
and the second-operand address of MOVE TO 
SECONDARY are always treated as primary 
virtual. 

Secondary Virtual Address 

A secondary virtual address isa _ virtual 


address which is to be translated by means 
of the secondary segment-table designation. 
Without DAS, secondary virtual addresses do 
not occur. With DAS, logical addresses are 


treated as secondary virtual when in 
secondary-space mode. The second-operand 
address of MOVE TO PRIMARY and the 


first-operand address of MOVE TO SECONDARY 
are always treated as secondary virtual. 


Logical Address 


Most addresses specified by the program are 
logical addresses. Without DAS, logical 
addresses are treated as real addresses 
when DAT is off andas virtual addresses 
when DAT is. on. With DAS, a _ logical 
address is treated as real in real node, 
treated as primary virtual in primary-Sspace 
mode, and treated as secondary virtual in 
secondary-Space mode. The storage-operand 
addresses for most instructions are logical 
addresses. However, some inStructions have 
storage-operand addresses or storage 
accesseS associated with the instruction 
which do not follow the rules for logical 
addresses. In all such cases, the 
instruction definition contains a 
definition of the type of address. 


Instruction Address 


Without DAS, instruction addresses are the 
same as logical addresses. With DAS, an 
instruction address is treated as' real in 
real mode, treated as primary virtual in 
primary-space mode, and treated as either 
primary virtual or secondary virtual in 
secondary-space mode. The branch address 
for all branch instructions and the target 
of EXECUTE are instruction addresses. 


When the CPU is in the secondary-space 
node, it is unpredictable whether 
instructions, andthe target of EXECUTE, 


are fetched from the primary address space 
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or the secondary address 
when the CPU is in secondary-space node, 
all copies of an instruction used in a 
single execution are fetched from a single 
address space, andthe machine can change 
to or from interpreting instruction 
addresses as primary virtual or secondary 
virtual only between instructions and only 
by issuing a checkpoint-synchronizing 
function. 


Space. However, 


Programming Notes 


at 
e 


Predictable program operation is 
ensured in secondary-sSpace mode only 
when the instructions are fetched from 
virtual-address locations which 
translate to the same real address by 


means of both the primary and 
secondary seqment tables. Thus, a 
program should not enter 


secondary-space mode if it is not 
aware of the virtual-to-real address 
Mapping in both the primary and 
secondary address spaces. 


2. The requirement limiting when the CPU 
can change from fetching instructions 


to or from the primary address space 
or secondary address space avoids 
problems with CPU retry, DAT 


execution of 
purposes of 


pretesting, and trial 
instructions for the 
determining PER events. 


STORAGE KEY 


A storage key is asSociated with each 
2,048-byte block of storage that is 
provided. 

| ee: see eee see 

{ACC | FIRIC] 

(eee Seer ees ae 

0 4 6 

The bit positions in the storage key are 
allocated as follows: 

Access-Control Bits (ACC): The four 
access-control bits, bits 0-3, are matched 
with the four-bit access key whenever 
information is stored, or whenever 


information is fetched from a location that 
is protected against fetching. 


Petch-Protection Bit (F) : The 
fetch-protection bit, bit 4, controls 
whether key-controlled protection applies 


to fetch-type references: a zero indicates 
that only store-type references are 
monitored and that fetching with any access 
key is permitted; a one indicates that 
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protection applies both to fetching and 
storing. No distinction is made between 
the fetching of instructions and of 
operands. 


Reference Bit (R): The reference bit, bit 
5, hormally is set to one each time a 
location in the corresponding storage block 
is referred to either for storing or for 
fetching of information. 


Change Bit (C): The change bit, bit 6, is 
set to one each time information is stored 
at a location in the corresponding storage 
block. 


Storage keys are not part of addressable 
storage. The entire storage key is set by 
SET STORAGE KEY and inspected by INSERT 
STORAGE KEY. Additionally, the instruction 
RESET REFERENCE BIT provides a means of 
inspecting the reference and change bits 
and of setting the reference bit to zero. 


PROTECTION 


Two protection facilities are 
protect the contents of nain 
destruction or misuse by erroneous or 
unauthorized programs: key-controlled 
protection and low-address protection. The 
protection facilities are applied 
independently; access to main storage is 
only permitted when none of the facilities 
prohibit the access. 


provided ta 
storage from 


Key-controlled protection affords 
protection against improper storing or 
against both improper storing and fetching, 
but not against improper fetching alone. 


KEY-CONTROLLED PROTECTION 


When key-controlled protection applies to a 
storage access, a store is permitted only 
when the storage key matches the access key 
associated with the request for storage 
access; a fetch is permitted when the keys 


Match or when the fetch-protection bit of 
the storage key is zero. 
The keys are said to match when the four 


access-control bits of the storage key are 
equal to the access key, or when the access 
key is zero. 


The protection action iS summarized in the 
figure "Summary of Protection Action." 
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Is Access to 
Storage Permitted? 


|Fetch—Protection| -—_—_—_—_—_——_—_——_—_ x4 
| Bit of | | | [ 
| Storage Key | Key Relation | Fetch | Store | 
-—_—_——_—_-——_—__—_—_—_—_t— — SSS SSS SS 
| 0 | Match | Yes | Yes | 
| 0 | Mismatch | Yes | No | 
| 1 | Match | Yes | Yes | 
| 1 | Mismatch | No | No | 
ee | 


[ 

| 

| Match The four access—control bits of t 
| key are equal to the access key, 

| key is zero. 

| 

| Yes Access is permitted. 

| 

| No Access is not permitted. On fetc 
| information is not made available 
| program; on storing, the contents 
| storage location are not changed. 
| 

ae ci ices 


Summary of Protection Action 


When the access to storage is initiated by 


the CPU, and key-controlled protection 
applies, the PSW key is the access key 
which is used as the compare value. The 


PSW key occupies bit positions 8-11 of the 


current PSW. 

When the reference is made by a channel, 
and key-controlled protection applies, the 
subchannel key associated with the I/0 
operation is the access key which is used 
as the compare value. The subchannel key 
is specified for an I/0 operation in bit 
positions 0-3 of the channel-address word 
(CAW); the subchannel key is’ later placed 
in bit positions 0-3 of the channel-status 
word (CSW) that is stored as a result of 
the I/O operation. 


When a CPU access is prohibited because of 
protection, the operation is suppressed or 
terminated, and a program interruption for 
a protection exception takes place. When a 
channel access is prohibited, protection 
check is indicated in the CSW stored asa 
result of the operation. 


When a store access is prohibited because 
of key-controlled protection, the contents 
of the protected location remain unchanged. 
When a fetch access is’ prohibited, the 
protected information is not loaded into a 
register, moved to another storage 
location, or provided to antI/O device. 
For a prohibited instruction fetch, the 
instruction is suppressed and an arbitrary 
instruction-length code is indicated. 


Key-controlled protection is always active, 


he storage 
or the access 


hing, the 
to the 
of the 


regardless of whether the CPU isin the 
problem or supervisor state, and reqardless 
of the type of CPU} instruction or 
channel-command word being executed. 


All accesses to storage locations that are 
explicitly designated by the prodqram and 
that are used by the CPU to store or fetch 
information are subject to key-controlled 
protection. 

All storage accesses by a channel to fetch 
a CCW or to access a data area designated 
during the execution of a CCW are subject 
to key-controlled protection. However, if 
a CCW or output data is prefetched, a 
protection check is not indicated until the 
CCW is due to be executed or the data is 
due to be written. 


Key-controlled protection is not applied to 
accesses that are implicitly made by the 
CPU or channel for any of such sequences 
as: 


e An interruption 


Updating the interval timer 
Logout 

Dynamic-address translation 
A store-status function 


Fetching the CAW during the execution 
of an I/O instruction 


Storing of the CSW by an I/O 
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instruction or interruption 


° Storing channel identification during 
the execution of STORE CHANNEL ID 


® Limited channel logout 
e Initial program loading 


Similarly, protection does not 
accesses initiated via the operator 
facilities for altering or displaying 
information. However, when the progran 
explicitly designates these locations, they 
are subject to protection. 


apply to 


LOW~ADDRESS PROTECTION 


The low-address-protection facility 
provides protection against the destruction 
of main-storage information used by the CPU 
during interruption processing, by 
prohibiting instructions from storing using 
addresses in the range O through 511. The 
range criterion is applied before dynamic 
translation, if any, and before prefixing. 


Low-~address protection is under control of 
bit 3 of control register 0, the low- 
address-protection-control bit. When the 
bit is zero, low-address protection is off; 
when the bit is one, low-address protection 
is on. 


If an access is prohibited because of 
low-address protection, the contents of the 
protected location remain unchanged, a 
program interruption for a protection 
exception takes place, and the operation is 
suppressed or terminated. 


Any attempt by the program to’ store using 
effective addresses in the range 0 through 
511 are subject to low-address protection. 
Low-address protection is applied to the 
store accesses of instructions whose 
operand addresses are logical, virtual, or 
real. Thus it applies to the operands of 
IPTE, READ DIRECT, TEST BLOCK, MOVE TO 
PRIMARY, and MOVE TO SECONDARY and to the 
store-type operands of instructions with 
logical addresses. Low~address protection 
is also applied to the trace table. 


Low-address protection is not applied to 
accesses made by the CPU or channel for 
such sequences aS interruptions, logout, 
and the initial-program-loading and 
store-status functions, nor is it applied 
to data stores during I/0 data transfer. 
However, explicit stores by a program at 
any of these locations are subject to 
protection. 
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Programming Note 


Low-address protection and key-controlled 


protection apply to the same store 
accesses, except that: 

e Low-address protection does not apply 
to storing performed by a _ channel, 
whereas key-controlled protection 
does. 


e Key-controlled protection does not 
apply to the operands of TEST BLOCK, 
whereas low-address protection does. 


REFERENCE RECORDING 


Sheeran — ae 


Reference recording provides information 
for use in selecting pages for replacement. 
Reference recording uses the reference bit, 
bit 5 of the storage key. A reference bit 
is provided in each storage key when 
dynamic address translation is installed. 
The reference bit is set to one each time a 
location in the corresponding storage block 
is referred to either for fetching or 
storing information, regardless of whether 
the CPU is in the EC mode or BC mode or 
whether DAT is on or off. 


Reference recording is 
takes place for all storage accesses, 
including those made by any CPU, I/O, or 
operator facility. It takes place for 
implicit accesses made by the machine, such 
as those which are part of interruptions 
and I/O-instruction execution. 


always active and 


Reference recording does not occur for 
operand accesses of the following 
instructions since they directly refer to a 
storage key without accessing a storage 
location: 


INSERT STORAGE KEY 

INSERT VIRTUAL STORAGE KEY 

RESET REFERENCE BIT (reference bit is 
set to zero) 

SET STORAGE KEY (reference 
to a specified value) 


bit is set 


The record provided by the reference bit is 
Substantially accurate. The reference bit 
may be set to one by fetching data or 
instructions that are neither designated 
nor used by the program, and, under certain 
conditions, a reference may be made without 
the reference bit being set to one. Under 
certain unusual circumstances, a reference 
bit may be set to zero by other than 
explicit program action. 


CHANGE RECORDING 


Change recording provides information as to 
which pages have to be saved in auxiliary 


storage when they are replaced in main 
storage. Change recording uses the change 
bit, bit 6 of the storage key. A change 
bit is provided in each storage key when 


dynamic address translation is installed. 


The change bit is set to one each time a 
store access causes the contents in the 
corresponding storage block to be changed. 
A store access that does not change the 
contents of storage may or may not set the 
change bit to one. 


bit is not set to one for an 
store if the access is 
In particular: 


The change 
attempt to 
prohibited. 


1. For the CPU, a store access is 
prohibited whenever an access 
exception exists for that access, or 


whenever an exception exists which is 


of higher priority than the priority 
of an access exception for that 
access. 


2. For I/O, a store access is prohibited 
whenever a key-controlled-protection 
condition exists for that access. 


Change recording iS always active and takes 
place for all store accesses to. storage, 
including those made by any CPU, I/0, or 
operator facility. It takes place for 
implicit references made by the machine, 
such as those which are part of 
interruptions. 


Change recording does not take place for 
the operands of the fcllowing instructions 
Since they directly modify a storage key 
without modifying a storage location: 


RESET REFERENCE BIT 
SET STORAGE KEY (change 
a specified value) 


tit is set to 


Change bits are not necessarily restored on 
CPU retry (see the section "CPU Retry" in 
Chapter 11, "Machine-Check Handling"). See 
the section "Exceptions to Nullification 


and Suppression" in Chapter 5, “Program 
Execution," for a description of the 
handling of the change bit in certain 
unusual situations. 

PREFIXING 

Prefixing provides the ability to assign 
the range of real addresses 0-4095 (the 
prefix area) to a different block in 


absolute main storage for each CPU, thus 


than one CPU) sharing main 
storage to operate concurrently with a 
minimum of interference, especially in the 
processing of interruptions. 


permitting more 


Prefixing causes real addresses in the 
range 0-4095 to correspond to the block of 
WK absolute addresses identified by the 
prefix register for the CPU, and the block 
of real addresses starting with the prefix 
value to correspond to absolute addresses 
00-4095. The remaining real addresses are 
the same as the corresponding absolute 
addresses. This transformation allows each 
CPU to access all of absolute main storage, 
including the first 4K bytes and _ the 
locations designated by the prefix 
registers of the other CPUs. 


The relationship between real and absolute 
addresses is graphically depicted in the 
figure "Relationship between Real and 
Absolute Addresses." 


The prefix is a 12-bit quantity located in 
the prefix register. The register has the 
following format: 


| irae rae 1 
(S///// 7/7 \ Prefix U//S///11117/1'\ 
ea eae 


0 8 20 31 


The contents of the register can be set and 
inspected by the privileged instructions 
SET PREFIX and STORE PREFIX, respectively. 
On setting, bits corresponding to bit 
positions 0-7 and 20-31 of the prefix 
register are ignored. On storing, zeros 
are provided for these bit positions. When 
the contents of the prefix register are 
changed, the change is effective for the 
next sequential instruction. 


When prefixing is applied, the real address 
is transformed into an absolute address 
using one of the following rules, depending 
on bits 8-19 of the real address: 


1. Bits 8-19 of the address, if all 
zeros, are replaced with bits 8-19 of 
the prefix. 


2. Bits 8-19 of the 
bits 8-19 of the 
with zeros. 


address, if equal to 
prefix, are replaced 


3. Bits 8-19 of the address, if not all 
zeros and not equal to bits 8-19 of 
the prefix, remain unchanged. 

In all cases, bits 20-31 of the address 


remain unchanged. 


Only the address presented to storage is 
translated by prefixing. The contents of 
the source of the address remain unchanged. 
and absolute 


The distinction between real 
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addresses is made even when the prefix 
register contains all zeros, in which case 
a real address and its corresponding 


absolute address are identical. 


An address space is a consecutive sequence 
of integer numbers (or virtual addresses), 
together with the specific transformation 
parameters which allow each number to be 


im 
| 


Prefixing 


! 







No Change 


Address 


ee ia pee ee 


Real Addresses 
for CPU A 


Absolute 
Addresses 





associated with a byte location in storage. 
The sequence starts at zero and proceeds 
left to right. 


When a virtual address is used by a CPU to 
access main storage, it is first converted, 
by means of dynamic address’ translation 
(DAT), into a real address, and then into 
an absolute address. DAT uses two levels 
of tables (a segment table and page tables) 
as transformation parameters. The address 
of the segment table is found in a control 
register. 


Prefixing 


No Change 


| 


Real Addresses 
for CPU B 


CQ) Real addresses in which the high-order 12 bits are equal to the prefix for this CPU (A or B). 


Q) Absolute addresses of the block that contains, for this CPU (A or B), the assigned locations 


in real storage. 


Relationship between Real and Absolute Addresses 
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With DAS, each address space is asSigned an 


address~-space number (ASN). An 
ASN-translation mechanism is provided with 
DAS, which, given an ASN, can locate (by 


using a two-level table lookup) the segment 
table which defines the address space and 
load its address into the appropriate 
control register. 


Without DAS, the CPU can translate virtual 
addresses for one address Sspace--the 
primary address space. With DAS, at any 
instant a CPU can translate virtual 
addresses from two address spaces--the 
primary address space and the secondary 
address space. The segment table defining 
the primary address translation is 


specified by control register 1 and that 
defining the secondary by control register 


Ts 
By using the ASN-translation mechanisn, any 
one of up to 64K address spaces can be 


selected to become the primary or secondary 
address space. 


Virtual storage comprising byte locations 
or dered according to their virtual 
addresses in an address space is usually 


referred to as storage. 


DYNAMIC ADDRESS TRANSLATION 


ee ae Ce CFE OO a ED cetera ee an nS NY AE cette 


Dynamic address translation (DAT) provides 
the ability to interrupt the execution of a 
program at an arbitrary moment, record it 
and its data in auxiliary storage, such as 
a direct-access storage device, andat a 
later time return the program and the data 
to different main-storage locations for 
resumption of execution. The transfer of 
the program and its data between main and 
auxiliary storage may be performed 
piecemeal, and the return of the 
information to main storage may take place 
in response to an attempt by the CPU to 
access it at the time it is needed for 
execution. These functions may be 
performed without change or inspection of 
the program and its data, do not require 
any explicit programming convention for the 
relocated program, and do not disturb the 
execution of the program except for the 
time delay involved. 


With appropriate support by an operating 
systen, the dynamic-address-translation 
facility may be used to provide to a user a 
system wherein main storage appears’ to be 
larger than the installed main storage. 
This apparent main storage is referred to 
as virtual storage, and the addresses used 


to designate locations in the virtual 
storage are referred to as virtual 
addresses. The virtual storage of a user 
may far exceed the size of the physical 


Main storage of the installation and 
normally is maintained in auxiliary 
storage. The translation occurs in blocks 


of addresses, called pages. Only the most 
recently referred-to pages of the virtual 
storage are asSigned to occupy blocks of 
physical main storage. As the user refers 
to pages of virtual storage that do not 
appear in main Storage, they are brought in 
to replace pages in main storage that are 
less likely to be needed. The swapping of 
pages of storage may be performed by the 
operating systen without the user's 
knowledge. 


The sequence of virtual addresses 
associated with a virtual storage is called 
an address space. With appropriate support 
by an operating systen, the dynamic- 
address-translation facility may be used to 
provide a number of address spaces. These 
address spaces may be used to provide 
degrees of isolation between users. Such 
support can consist of a completely 
different address space for each user, thus 
providing complete isolation, or a shared 
area may be provided by mapping a portion 
of each address space toa_ single common 
storage area. Also, with DAS, instructions 
are provided which permit the 
semiprivileged program to access nore than 
one such address space. Dynamic address 
translation with DAS provides for the 
translation of virtual addresses from two 
different address spaces without requiring 
that the translation parameters in the 
control registers be changed. These _ two 
address spaces. are called the primary 
address space andthe secondary address 
space. 


In the process of replacing blocks of main 
Storage by new information from an external 
medium, it must be determined which block 
to replace and whether the block being 
replaced should be recorded and preserved 
in auxiliary storage. To aid in this 
decision process, a reference bit and a 
change bit are associated with the storage 
key. 

Dynamic address translation may be 
specified for instruction and data 
addresses generated by the CPU but is not 
available for the addressing of data and of 
control words in I/O operations. The 
channel-indirect-data-addressing feature is 
provided to aid I/0 operations in a 
virtual-storage environment. 


The dynamic-address-translation 
includes the instructions 
ADDRESS, RESET REFERENCE BIT, and PURGE 
TLB. It makes use of control register 1 
and bits 8-12 in control register 0. 


facility 
LOAD REAL 


The dynamic-address-translation 
includes the handling of 
4K-byte pages and 64kK-byte 


facility 
2K-byte and 
and 1M-byte 
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segments. on sone the 


1M-byte-segment size may not 


nodels, 
te offered. 


Dynamic address translation is enhanced by 


that part of the extended facility that 
includes the instruction INVALIDATE PAGE 
TABLE ENTRY and the common-Segnment 
facility. On some models, the common- 


segment facility permits improvement of TLB 


utilization by means of a common-segment 
bit in the seqment-takle entry. On other 
models, this bit is ignored, with no 


performance improvement. 


Dynamic address translation 
of translating a virtual address during a 
Storage reference into the corresponding 
real address. Without DAS, when DAT is on, 
a logical address is treated as a virtual 
address and is translated during a storage 
reference into the corresponding real 
address. When DAT is off, the logical 
address is treated as a real address. With 
DAS, the virtual address may be either a 
primary virtual address or a_e secondary 
virtual address. Primary virtual addresses 
are translated by means of the primary 
segment-table designation and secondary 
virtual addresses by means of the secondary 
seqment-table designation. After selection 
of the appropriate segment-table 
designation, the translation process is the 
same for both types of virtual addresses. 


is the process 


In the process of translation, 
units of information are 
segments and pages. A segment is’ a block 
of sequential addresses spanning 65,536 
(64K) or 1,048,576 (1M) bytes and beginning 
at an address that isa multiple of its 
size. A page is ae block of sequential 
addresses spanning 2,048 (2K) or 4,096 (4K) 
bytes and beginning at an address that is a 
multiple of its size. The size of the 
segment and page is controlled by bits 8-12 
in control register 0. 


two types of 
recognized: 


The virtual address, accordingly, is 
divided into a segment-index (SX) field, a 
page-index (PX) field, and a byte-index 
field. The size of these fields depends on 
the seqment and page size. 


The segment index starts with bit 8 of the 
virtual address and extends through bit 15 
for a 64K-byte segment size and through bit 
11 for a 1M-byte segment size. The page 
index starts with the bit following the 
segment index and extends through bit 19 
for a 4K-byte page size and through bit 20 
for a 2K-byte page size. The byte index 
consists of the remaining 11 or 12 


low-order bits of the virtual address. The 
formats of the virtual address are as 
follows: 
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For 64K—byte segments and 4&K—byte pages: 


\S//S///77/\ SX | PX | Byte Index | 
i sd 
0 8 16 20 31 


For 64K—byte segments and 2K—byte pages: 


Se 
\SS/// 17 \ 
0 8 16 21 31 


SX | PX {| Byte Index| 


For 1M—byte segments and 4K—byte pages: 


\//////717/\ 
0 8 12 


SX | PX | Byte Index | 


aE EE eee ee 
20 31 


For 1M—byte segments and 2K—byte pages: 


\A/////7//\ SX | PX | Byte Index| 
—_d 


0 8 12 21 31 


Virtual addresses are translated into real 
addresses by means of two translation 
tables, a segment table and a _ page table, 
Which reflect the current assignment of 
real storage. The assignment of real 
storage occurs in units of pages, the real 
locations being assigned contiguously 
Within a page. The pages need not be 
adjacent in real storage even though 
assigned to a set of sequential virtual 
addresses. 


TRANSLATION CONTROL 


is 
the PSW 


Without DAS, address translation 
controlled by the DAT-mode bit in 
and by a set of bits, referred to as the 
translation parameters, in control 
registers 0 and 1. With DAS, an additional 
bit in the PSW is included, and control 
register 7 is included as part of the 
translation parameters Additional controls 
are located in the translation tables. 


SW 


ey Cee 


When the dynamic-address-translation 
facility is installed without DAS, the CPU 
can operate with DAT either on or off. The 
mode of operation is controlled by bit 5 of 
the EC-mode PSW, the DAT-mode bit. When 


this bit is one, DAT is on, and _ logical 
addresses are treated as virtual addresses; 
when this bit is zero or the BC mode is 


specified, DAT is off, and logical 





mode, and instruction and logical addresses 
are treated as real. When, in an EC-mode 
PSW, the DAT-mode bit is one (DAT is on) 
and the address-space-control bit is zero, 


[ 
[ 
[ 
[ 
addresses are used as real addresses. | the cPU is said to be in primary-Space 
| mode, and instruction and logical addresses 
When DAS is installed, two bits in the | are treated as primary virtual. When, in 
EC~mode PSW control dynamic address | an EC-mode PSW, DAT is on and the 
translation: bit 5, the DAT-mode bit, and | address-space-control bit is one, the CPU 
bit 16, the address-space-control bit. | is said to be in secondary-Space mode, and 
When a BC~mode PSW is specified, or, when | logical addresses are treated as secondary 
in an EC-mode PSW the DAT-mode bit is zero, | virtual. The various modes are shown in 
DAT is off, the CPU is said to be in real | the following table: 
er ey ny NE pe ae ead ye Oe ee, Ee ee ee Se ON ETD ie at, epee TS Te 
| | | {| Handling of Addresses | 
|PSW Bit | | }--—______—__ 
;——+——| | | Logical |Instruction| 
| 5 112 | DAT | Mode | Addresses | Addresses | 
-—— pane 
| - 0 | Off | Real mode (BC mode) | Real | Real | 
| 0 1 | Off | Real mode | Real | Real | 
| 1 1 | On | Primary-—space mode | Primary | Primary [ 
| | | [ virtual | virtual | 
ee! See Seek een meen See eae eae Ses er ae RR, Penne eee erie 
Translation Modes Without DAS 
SSS ee ee ee ee eee ey 
| | | | Handling of Addresses | 
| PSW Bit | | 
4 | | Logical |Instruction| 
{ 5 112 [16 | DAT |{ Mode | Addresses | Addresses | 
-——__—__}+—___+——_- ne Pe | 
| - 0 — | Off | Real mode (BC mode) | Real | Real ( 
| 0 1 — | Off | Real mode | Real | Real | 
| 1 1 0 | On | Primary—space node | Primary | Primary | 
| ! | | virtual | virtual | 
| 1 1 1 | On | Secondary—space mode | Secondary | See note | 
| | | | virtual | | 
SS SS SS SS SS SS SL eS SL 
Translation Modes With DAS 
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Note 


When the CPU is in secondary-Space mode, it 
is unpredictable whether instruction 
addresses are treated as primary virtual or 
secondary virtual. However, when the CPU 
is in secondary-space mode, all copies of 
an instruction used in a_ single execution 
are fetched from a single space, and the 
Machine can change the interpretation of 
instruction addresses as primary virtual or 
secondary virtual only ketween instructions 


and only by issuing a checkpoint- 
synchronizing function. 
Control Register 0 
Without DAS, five bits are provided in 
control register 0 which are used in 
controlling dynamic address translation. 
With DAS, a sixth bit is provided. The 
bits are assigned as follows: 
——.”:hCUS Ee 

| DI | TF | 
Sees) Seal Cee! eens! Dmemees 

5 8 13 
Bit 5 of control register 0 is the 
secondary-space-control bit (D). This bit 
is provided as part of DAS. When this bit 
is zero andthe instructions SET ADDRESS 


SPACE CONTROL, MOVE TO PRIMARY, and MOVE TO 
SECONDARY are executed, a special-operation 


exception is recognized. This bit also 
controls whether the secondary segment 
table is attached while operating in 


primary-space mode. 
Bits 8-12 of control register 0 are called 
the translation format, which controls the 
page size and segment size. On models 
which implement the 1M-byte-segment size, 
four combinations of the five control bits 
are valid; all other combinations are 
invalid. On models which do not implement 
the 1M-byte-segment size, two combinations 
are valid. The encoding of the control 
bits is defined in the following table. 
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Coe ee ee ee ee ae ee a Se ee ee Tay 


| Bits of | | | 
| Control | | | 
| Register 0 | Page | Segment | 
+) 7 1 Size | Size | 
| 8] 9110111112] (Bytes) | (Bytes) 
a 

19 1 0 0 Of2,048 (2K) | 65,536 (64K)| 
10 1 0 #1 Of2,048 (2K)11,048,576 (1M) ¥*| 
11 0 0 0 O4,096 (4K) 65,536 (64K) | 
(1 0 0 1 Of4,096 (4K)11,048,576 (1M) *| 
{| All others | Invalid | Invalid | 

ee Pee ees Lee, 


| *On those models which do not implement | 
| the 1M—byte—segment size, the codes | 


{1 01010 and 10010 are invalid. | 
a ee 


When an invalid bit combination is detected 


in bit positions 8-12, a translation- 
specification exception is recognized as 
part of the execution of an instruction 
using address translation, and the 
operation is suppressed. 

Control Register 1 

Control register 1 contains the primary 
segment-table designation (PSTD). The 


register has the following format: 


fee a ee eee ey ep ee ee Ne ee ee 
| | Primary Segment— | | 
{| PSTL | Table Origin | P| 
a ea ee 


0 8 26 31 


Primary Seqment-Table Length (PSTL): Bits 
0-7 of control register 1 designate the 
length of the primary segment table in 
units of 64 bytes, thus making the length 
of the segment table variable in multiples 
of 16 entries. The length of the primary 
segment table, in units of 64 bytes, is 
egual to one more than the value in bit 
positions 0-7. The contents of the length 
field are used to establish whether the 
entry designated by the seg ment-index 
portion of the primary virtual address 
falls within the primary segment table. 
Without DAS, this field is sometimes 
referred to as the segment-table length. 


Primary Seqment-Table Origin: Bits 8-25 of 
control register 1, with six low-order 
zeros appended, form a 24-bit real address 
that designates the beginning of the 
primary segment table. Without DAS, this 
field is sometimes referred as the 
segment-table origin. 


to 


Space-Switch-Event Mask (X): With DAS, bit 
31 controls whether a space-switch-event 
program interruption occurs when a PROGRAM 
CALL with space switching (PC-Ss) or a 


PROGRAM TRANSFER with space switching 
(PT-ss} is issued. Without DAS, this bit 
is ignored. 

Bits 26-30 of control register 1 are not 


assigned and are ignored. 


Control Register 7 








When DAS is installed, control register 7 
contains the secondary segment-table 
designation (SSTD). The register has the 
following format: 

Sa Se ee gery 

| {Secondary Segment—| | 

| =S5TL “| Table Origin | | 

ace Rae UR eee a eer PE ey _] eee nea 

0 8 26 31 
Secondary Segment-Table tIength (SSTL): 
Bits 0-7 of control register 7 designate 


the length of the secondary segment table 
in units of 64 bytes, thus making the 
length of the segment table variable in 
multiples of 16 entries. The length of the 


segment table, in units of 64 bytes, is 
equal to one more than the value in bit 
positions 0-7. The contents of the length 
field are used to establish whether the 
entry designated by the segment-—index 
portion of the secondary virtual address 


falls within the secondary segment table. 


Secondary Segment~Table Qrigin: Bits 8-25 
of control register 7, with six zeros 


appended on the right, form a 24-bit real 
address that designates the beginning of 
the secondary segment table. 


Bits 26-31 of control register 7 are not 


assigned and are ignored. 


Programming Notes 


1. The validity of the information loaded 


intc a control register, including 
that pertaining to dynamic address 
translation, is not checked at the 
time the register is loaded. This 


information is checked and the progran 
exception, if any, is indicated at the 
time the information is used. 


2. The information pertaining to dynamic 
address translation is considered to 
be used when an instruction is 
executed with DAT on or when LOAD REAL 
ADDRESS is executed. The information 
is not considered to be used when the 
PSH specifies translation, but an I/0, 
external, restart, or machine-check 


interruption occurs before an 
instruction is executed, including the 
case when the PSW specifies the wait 
state. 


TRANSLATION TABLES 


The translation process consists in a 
two-level lookup using two tables: a 
segment table anda page _ table. These 
tables reside in storage. 

Seqment~Table Entries 

The entry fetched from the segment’ table 
designates the length, availability, and 


origin of the corresponding page table. 


An entry in the segment table has the 


following format: 


Cer ee ee 
{PTL [O000| Page—-Table Origin |O|CI{I| 
Nh eh et ] 


0 Y 8 29 31 

The fields in the segment-table entry are 
allocated as follows: 

Page-Table Length (PTL): Bits 0-3 
designate the length of the page table in 
increments that are equal to1/16 of the 


maximum size of the table, the maximum size 
depending on the size of segments and 
pages. The length of the page table, in 
units 1/16 of the maximum size, is egual to 
one more than the value in bit positions 
0-3. The length field is compared against 
the high-order four bits of the page-index 
portion of the logical address to determine 
whether the page index designates an entry 
within the page table. 


Bits 8-28, with three 
appended, form a 24-bit 
designates the beginning 


Page-Table Origin: 
low-order zeros 

real address that 
of the page table. 


Common~Seqment Bit (C): Bit 30, with the 
common-segment facility installed, controls 
the use of translation-lookaside-buffer 
copies of the segment-table entry and of 
the page table which it designates. A zero 
identifies a private segment; in this case, 
the segment-table entry and the page table 
that the entry designates may be used only 
in association with the seg nmnent-table 
Origin which designates the seqment table 
in which the segment-table entry resides. 
A one identifies a common segment; in this 
case, the segment-table entry and the page 


table that the entry designates may 
continue to be used for translating 
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addresses corresponding to the segment 
index, even though a different segment 
table is selected by changing the 


segment-table origin in control register 1. 
In some models, bit 30 in the segment-table 
entry is ignored, and all segments are 
treated as private. 


The common-seqment bit is used only for 
controlling the loading and use of 
trans lation-lookaside-buffer copies. When 
the common-segment facility is installed, 
the common-segment bit is ignored for 
explicit translation and for implicit 
translation not using the translation 
lookaside buffer. 


31 controls 
with the 
When bit 
address 
designated 
is a one, a 
exception is 
of operation is 


Segqment-Invalid Bit (I): Bit 
whether the segment associated 
segment-table entry is available. 
position 31 contains a Zero, 
translation proceeds using the 
page table. When the bit 
seqment-translation 
recognized, and the unit 
nullified. 


The handling of bit positions 4-7 and 29-30 
of the segment-table entry depends on the 
model. Normally a translation- 
specification exception is recognized and 
the unit of operation is suppressed when 
these bits are not zeros; however, on some 
models the contents of these bit positions 
may be ignored. On machines with the 
common-segment facility installed, bit 30 
is interpreted as defined or is ignored. 


Page-Table Entries 


The entry fetched from the page table 
indicates the availability of the page and 
contains the high-order bits of the real 
address. The format of the page-table 
entry depends on page size, as follows: 


Page-table entry with 4K—byte pages: 








aa rr es ee eee meee 
PFRA IITIO1OI/! 
LE ——— AL 
0 12 15 


Page—-table entry with 2K—byte pages: 


SS 7 
| PFRA ITIOIZI 
Ld 
0 13 15 
The fields in the page-table entry are 


allocated as follows: 
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Page-Frame Real Address (PFRA): Bits 0-11 


or bits 0-12, depending on the page size, 
provide the leftmost 12 or 13 bits of a 
24-bit real storage address. When these 


bits are concatenated with the contents of 
the byte-index field of the virtual address 
on the right, the real storage address is 
obtained. 


Page-Invalid Bit (I): Bit 12 or 13, 
depending on the page size, controls 
whether the page associated with the 
page-table entry is available. When the 
bit is zero, address translation proceeds 
using the table entry. When the bit is 


one, a page-translation exception is 
recognized, and the unit of operation is 
nullified. 

Except for the rightmost bit position of 
the entry, the bit positions to the right 


of the page-invalid bit must contain zeros; 
otherwise, a translation-specification 
exception is recognized as part of the 
execution of an instruction using that 
entry for address translation, and the unit 
of operation is suppressed. 


SUMMARY OF DYNAMIC ADDRESS TRANSLATION 
FORMATS 

The first table summarizes the possible 
combinations of the page-address and 
byte-index fields in the formation of a 
real storage address. 

The eight-bit length field in control 
register 1 provides for a maximum length 


code of 255 and permits designating a 
segment table of 16,384 bytes, or 4,096 
entries, which iS more than can be referred 
to for translation purposes by the virtual 
address. With 1M-byte segments, only 16 
segments can be addressed, requiring a 
seqment table of 64 bytes. A table of 64 
bytes is specified by a length code of 0 
and is the smallest table that can be 
specified. With 64K-byte segments, up to 
256 segments can be addressed, requiring at 
the most a segment table of 1,024 bytes and 
a length code of 15. These relations are 
summarized in the second table. 


The third table lists the maximum sizes of 
the page table and the increments in which 
the size of the page table can be 
controlled. 


SS a ee ee eo 
| Real Storage Address | 
|-—____—___-_-—-+ 
| Page Address | Byte Index | 


-—--__-, —--_---,_+ 





Size | Bit | | Bit | | 

of {Positions | No.| Positions| No. | 
Page |in Page— | of Jin Virtual| of | 
(Bytes)|Table Entry|Bits| Address |Bits| 


-_>—_—_+_______+__4-_______4+_4 
| 2K | 0-12 | 13 | 21-31 | 11 | 
| 4K {| O-11 | 12 | 20-31 | 12 | 
a eS ee ee eee | 








| SS yes pee eat Pe eR ee oo ee ge ne ee ee 

| |Seqnent|Number | Max Segm Tbl | | 

{| Size | Index | of t——_—_—_—__+-—_-———1 Segnent— | 

| of | Field |Address-—| |Usable| Table | 
|Segnent|] Size | able | Size [{Length|Increment| 

| (Bytes) | (Bits) |Segments| (Bytes) | Code | (Bytes) | 
+ —}— —_+-—--—-— —_}-—_ —__ + 

| 64K | 8 { 256 1 1,024 | 15 | 64 | 

| 1M | 4 | 16 | 64 | 0 | 64 | 
BB a at a See es 

Ga a ae ee SN ee pe UN re ee AIO ee ee ee rm fe ay ee eee eg ee eae 
| | Page | | Max Page Tbl | | 
[ Size of | Index | Number }/————,———-1. Page-—_ | 
-—__——_,+_——i Field |of Pages| |Usable|{ Table | 
|Segment| Page | Size | in | Size |Length{Increment| 
| (Bytes) | (Bytes)| (Bits) {Segment |(Bytes) | Code | (Bytes) | 
--——_—_—_—_—_+--—_—— 

| 64K | 2K | 5 | 32 | 64 | 15 | 4 | 
| 64K | 4K | 4 | 16 | 32 {| 15 | 2 | 
| 1M | 2K | g | 512 | 1,024 | 15 | 64 | 
| iM { 4k | 8 | 256 | 512 | 15 | 32 | 
. _...___ .. = S Ne Le 


both of 
is controlled 


Which reside in main 
DAT-mode bit 


The low-order bit position of a page-table 
entry is unassigned and is not checked for 
zero; thus, it is available for programming 
use. 


TRANSLATION PROCESS 


This section describes the translation 
process as it is performed implicitly 
before a virtual address is used to access 
main storage. The process of translating 
the operand address of LOAD REAL ADDRESS 


and TEST PROTECTION is the same, except 
that segnent-translation and page- 
translation exceptions do not cause a 
program interruption but instead are 
indicated in the condition code. 
Translation of the operand address of LOAD 
REAL ADDRESS also differs in that the 


translation-lookaside buffer is not used. 


Translation of an address is 
means of a segment table 


performed by 
and a page table, 


PSW and by the translation parameters in 
control registers 0 and 1. With DAS, 
translation is also controlled by the 
address-space-control bit in the PSW, and 
the translation parameters also include 


control register 7. 


The segment-table designation used for a 
particular address translation is called 
the effective segment-table designation. 
Accordingly, when a primary virtual address 
is translated, control register 1 is used 
as the effective segment-table designation, 
and when a secondary virtual address is 
translated, control register 7 is used as 
the effective segment-table desiqnation. 
Without DAS, the term “effective segment- 
table designation" is synonymous with 
"primary segment-table designation." 


The segment-index portion of the virtual 
address is used to select an entry from the 
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segment table, the starting address and 
length of which are specified by the 
effective segment-table designation. This 


entry designates the page table to be used. 


The page-index portion of the virtual 
address is used to select an entry from the 
page table. This entry contains’ the 
high-order bits of the real address that 
represents the translation of the virtual 
address. 


The byte-index field of the virtual address 
is used unchanged for the rightmost bit 
positions of the real address. 
If the I bit is one in either the 
Segment-table entry or the page-table 
entry, the entry is invalid, and the 
translation process cannot be completed for 
this virtual address. A segnent- 
translation or a page-translation exception 
is recognized, and the unit of operation is 
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nullified. 


In order to avoid the delay associated with 
references to translation tables in main 
storage, the information fetched from the 
tables normally is placed also in a special 


buffer, the translation-lookaside buffer 
(TLB), and subsequent translations 
involving the same table entries may be 


performed using the information recorded in 
the TLB. The operation of the TLB is 
described in the section "Translation- 
Lookaside Buffer" in this chapter. 


Whenever access to main storege is made 
during the address-translation process for 
the purpose of fetching an entry from a 
segment table or page table, key-csontrolled 
protection does not apply. 


The translation process, incluéging the 
effect of the TLB, is Shown graphically in 
the figure "Translation Process. i 


Control Register 1 Control Register 7 
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=] 


table origin, is used to search the TLB. 


e] [x] [ 


i 


entry in the TLB. 


[=] 


Information, which may include portions of the virtual address and the effective segment— 


If match exists, the address from the TLB is used in forming the real address. 


If no match exists, table entries in main storage are fetched to translate the address. 
The resulting value, in conjunction with the search information, may be used to form an 


Control register 1 provides the primary segment—table designation for translation of a 


primary virtual address, and, when DAS is installed, control register 7 provides the 


secondary segment-—table designaticn for translation of a secondary virtual address. 


Translation Process 
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The interpretation of the virtual address 
for translation purposes is’ controlled by 
the translation format, bits 8-12 of 
control register 0. If bits 8-12 contain 
an invalid code, a translation- 
specification exception is recognized, and 


the operation is suppressed. 


es ee ee — 


The segment-index portion of the virtual 
address is used to select a segment-table 
entry that designates the page table to be 
used in arriving at the real address. The 
address of the segment-table entry is 


obtained by appending six zeros to the 


Tight of bits 8-25 of the effective 
segment-table designation and adding the 
segment index to this value, with the 


rightmost bit position of the segment index 
aligned with bit position 29 of the 
address. 


AS part of the 
process, the segment 
against the segment-table length, bits 0-7 
of the effective segment-table designation 
to establish whether the addressed entry is 
within the table. With 1M-byte segments, 
entries for all addressable segments are 
contained in atable of minimum length 
(length code of 0). With 64K-byte 
segments, four zeros are appended to the 
left of bits 8-11 of the virtual address, 
and this extended value is compared against 
the eight-bit segqment-table length. If the 
value in the segment-table-length field is 
less than the value in the corresponding 
bit positions of the virtual address, a 
segnent-translation exception is 
recognized, and the unit of operation is 
nullified. 


segment-table-lookup 
index is compared 


All four bytes of the segment-table entry 
are fetched concurrently. The fetch access 
is not subject to protection. When the 
Storage address generated for fetching the 
segment-table entry refers toa location 
which is not provided, an addressing 
exception is recognized, and the unit of 
operation is suppressed. 


Bit 31 of the entry fetched from the 
segment table specifies whether the 
corresponding segment is available. This 
bit is inspected, and, if it iS one, a 
segnent-translation exception is 
recognized, with the unit of operation 
nullified. Handling of bit positions 4-7 
and 29-30 of the segment-table entry 
depends on the model: normally a 
translation-specification exception is 
indicated and the unit of operation 
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suppressed when they do not contain zeros; 


however, on some models they may be 
ignored. 
On machines with the common-segment 


facility, a one in bit position 30 does not 
cause an exception. Bit 30 may be retained 


with the entry in the TLB, or it may be 
ignored. 
When no exceptions are recognized in the 


process of segment-table 
fetched from the segment table designates 
the length and beginning of the 
corresponding page table. 


lookup, the entry 


Page-Table Lookup 


The page-index portion of the virtual 
address, in conjunction with the page-table 
address derived from the segqment-table 
entry, is used to select an entry from the 
page table. The address of the page-table 
entry is obtained by appending three zeros 
to the right of bits 8-28 of the 
segment-table entry and adding the page 


index to this value. The addition is 
performed with the rightmost bit of the 
page index aligned with bit 30 of the 
address. 

As part of the page-table-lookup process, 
the four leftmost bits of the page index 


are compared against the page-table length, 
bits 0-3 of the segment-table entry, to 
establish whether the addressed entry is 
within the table. If the value in the 
page-table-length field is less than the 
value in the four leftmost bit positions of 
the page-index field, a page-translation 
exception is recognized, and the unit of 
operation is nullified. 


The two bytes of the page-table 
fetched concurrently. The fetch access is 
not subject to protection. When the 
storage address generated for fetching the 
page-table entry refers to a location which 
is not provided, an addressing exception is 
recognized, and the unit of operation is 
suppressed. 


entry are 


The entry fetched from the page _ table 
indicates the availability of the page and 
contains the leftmost bits of the 
page-frame real address. The page-invalid 
bit is inspected to establish whether the 
corresponding page is available. If this 
bit is one, a page-translation exception is 
recognized, and the unit of operation is 


nullified. If bit positions 13-14 for 
4K-byte pages or bit position 14 for 
2K-byte pages contains a one, a 
transSlation-specification exception is 


recognized, and the unit 
suppressed. 


of operation is 


Formation of the Real Address 


the translation 
the page-frame 

the page-table 
portion of the 
with the 
the 
real 


When no exceptions in 
process are encountered, 
real address obtained from 
entry andthe byte-index 
virtual address are concatenated, 
page-frame real address forming 
leftmost part. The result is the 
storage address. 


Recognition of 


Translation 


Exceptions During 


Invalid addresses and invalid formats can 
cause exceptions to be recognized during 
the translation process. Exceptions are 
recognized when information contained in 
control registers or table entries is used 
for translation and is found to be 
incorrect. 


The information pertaining to DAT is 
considered to be used when an instruction 
is executed with DAT on or when LOAD REAL 
ADDRESS is executed. The information is 
not considered to be used when the PSW 
specifies DAT on but an I/0, external, 
restart, or machine-check interruption 
occurs before an instruction is executed, 
including the case when the PSW specifies 
the wait state. Only that information 
required to translate a virtual address is 


considered to be in use during the 
translation of that address, and, in 
particular, addressing exceptions that 


would be caused by the use of the PSTD or 


the SSTD are not recognized when the 
translation of an address uses only the 
SSTD or only the PSTD, respectively. 

A list of translation exceptions, with the 
action taken for each exception and the 
priority in which the exceptions are 
recognized when more than one is 
applicable, is- provided in the section 
"Recognition of Access Exceptions" in 
Chapter 6, "Interruptions." 

TRANS LATION-LOOKASIDE EUFFER 

To enhance performance, the dy namic- 


address-translation mechanism normally is 
implemented such that some of the 
information specified in the segment and 
page tables is maintained in a especial 
buffer, referred to as the translation- 
lookaside buffer (TLB). The CPU 
necessarily refers to a DAT-table entry in 
Main Storage only for the initial access to 
that entry. This information subsequently 
may be maintained in the TLB, and 


perf ormed 
in the TLB. 


subsequent translations may be 
using the information recorded 


The presence of the tTLB affects the 
translation process to the extent that a 
modification of the contents of a_ table 


does not necessarily 
any, effect on the 


entry in main storage 
have an immediate, if 
translation. 


The size and the structure of the TLB 
depend on the model. For instance, the TLB 
may be implemented such as to contain only 
a few entries pertaining to the currently 
designated segment table, each entry 
consisting of the high-order portions of a 
Virtual address and its corresponding real 
address; or it may contain arrays of values 
where the real page address is selected on 


the basis of the current segment-table 
origin, the translation format, and _ the 
high-order bits of the virtual address. 


Entries within the TLB are 
addressable by the progran. 


not explicitly 


The description of the logical structure of 
the TLB covers all implementations by 
System/370 models. The TLB entries are 
considered as being of two types: tTLB 
segment-table entries and TLB page-table 
entries. A TLB entry is considered as 
containing within it both the information 
obtained from the table entry in storage 
and the attributes used to fetch the entry 
from storage. Thus, a TLB' segment-table 
entry would contain the following fields: 


St ee ee ee 
| TF {STO | SX | PTO |PTL [| C | 


ee on ee ee ee a | 


TF The translation format in effect when 
the entry was formed 

STO The segqment-table origin in effect 

when the entry was formed 


SX The segment index used to select the 
entry 
PTO The page-table origin fetched from 


the segment-table entry in storage 


PTL The page-table length fetched from 
the segment-table entry in storage 


C The common bit fetched from the 
segment-table entry in storage; when 
the common-segment facility is not 
installed, this field is not included 
in the TLB 


A TLB page-table entry would contain 
the following fields: 


| TF | PTO | PX |PFRA| 
a! a ne ieee | 


TF The translation format in effect when 
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the entry was formed 


PTO The page-table origin in effect when 
the entry was formed 

PX The page index used to select the 
entry 

PFRA The page-frame real address fetched 
from the entry in storage 

Depending on the implementation, not all of 

the above items are required in the TLB. 


For example, if the implementation combines 
into a single TLB entry (1) the information 
obtained from a page-table entry and 
(2) the attributes of both the page-table 
entry and the segqment-table entry, then the 
page-table-origin and page-table-length 
fields are not required. If the 
implementation purges the TLB when the 
translation parameters are changed, then 
the seqment-table origin and translation 
format are not required. 


Note: The following sections describe the 
conditions under which information nay be 
placed in the TLB and information from the 


TLB may be used for address translation, 
and they describe how changes to _ the 
translation tables affect the translation 
process. Information is not necessarily 
retained in the TLB under all conditions 
for which such retention iS permissible. 
Furthermore, information in the TLB may be 


purged under conditions additional to those 
for which purging is mandatory. 


_—— te et Re ee ES ER ee ES ED RI AS SR GARR RED AP cS SC =a ee 


The formation of TLB entries and the effect 


of any manipulation of the contents of a 
table entry by the program depend on 
whether the entry is valid, on whether the 


entry is attached, on whether a copy of the 


entry can be placed in the fTLB, and on 
whether a copy in the TLB of the entry is 
usable. 

The valid state of atable entry denotes 
that the segment or page associated with 
the table entry is available. An entry is 
valid when the segment-invalid bit or 


page-invalid bit in the entry is zero. The 
attached state of a table entry denotes 
that the CPU can attempt to use the table 
entry for implicit address translation. 
The usable state of a TIB entry denotes 
that the CPU can attempt to use the TLB 


entry for implicit address translation. 


A segment-table entry or a page-table entry 
may be placed in the TLE only when the 
entry is attached and valid and would not 
cause a translation-specification exception 
if used for translation. Except for these 
restrictions, the entry may be placed in 
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the TLB at any time. 


attached to a CPU 
primary segment-table 
all of the following 


A segment-table entry is 
by means of the 
designation when 

conditions are met: 


1. The current PSW specifies DAT on. 


2. The current PSW contains no errors 
which would cause an early exception 
to be recognized. 


3. The current translation format, bits 
8-12 in control register 0, is valid. 


4. The entry is within the segment table 
specified by the primary segment-table 
designation in control register 1. 


5. The entry can be selected by the 
segment-index portion of a virtual 
address. 

Condition 2 does not necessarily apply on 


models without DAS. 


attached to a CPU 
secondary segment-table 
all of the following 


A segment-table entry is 
by means of the 
designation when 
conditions are met: 


1. The current PSW specifies DAT on. 
2. The current PSW contains no errors 
which would cause an early exception 


to be recognized. 


3. The current translation format, bits 
8-12 in control register 0, is valid. 


4. The entry is within the segment table 


specified by the secondary segment- 

table designation in control register 

7 and either of the following 

requirements are mets: 

e The CPU is in secondary~space 
mode. 

e The secondary-space control, bit 5 


of control register 0, is one. 


A page-table entry is attached toa CPU 
when it is within the page table designated 
by either a usable TLB segment-table entry 
or by an attached and valid segment-table 
entry which would not cause a 
translation-specification exception if used 
for translation. 


A TLB segment-table entry is in the usable 
state when all of the following conditions 
are met: 


1. The current PSW specifies DAT on. 


2. The current PSW contains no 
which would cause an 


errors 
early exception 


9 


to be recognized. 


3. The translation-format field in the 
TLB segment-table entry is the same as 
the current translation format. 


4u. The current translation format, bits 
8-12 in control register 0, is valid. 


5S. The TLB-segment-table entry meets at 


least one of the following 

requirements; 

e The common bit is one in the TLB 
entry, or 

e The segment-table-origin field in 


the TLB entry is the same as the 
current PSTO, or 
° The segqment-table-origin field in 
the TLB entry is the same as the 
current SSTO and either PSW bit 16 
is one or bit 5 of control 
register 0 is one. 
Condition 2 does not apply on models 
without DAS. 
A TLB segment-table entry may be used for 
implicit address translation only when the 
entry is in the usable state and the 
segment index of the entry matches’ the 


segment index of the virtual address to be 


translated. 


A TLB page-table entry is inthe usable 
state when all of the following conditions 
are met: 


1. The TLB page-table entry is selected 
by a usable TLB segment-table entry or 
by an attached and valid segment-table 
entry which would not cause a 
translation-specification exception if 
used for translation. 


2. The page-table-origin field in the TLB 
page-table entry matches the 
page-table-origin field in the 
segment-table entry which selects it. 


field in the TLB 
page-table entry is within the range 
permitted by the segment-table-length 
field in the TLB segment-table entry 
which selects it. 


3. The page-index 


4. The translation-format field in the 
TLB paqe-table entry is the same as 
the current translation format. 

A TLB page-table entry may be used for 
implicit address translation only when the 
TLB entry is in the usable state as 
selected by the TLB segment-table entry 
being used and only when the page index of 
the TLB page-table entry matches the page 
index of the virtual address being 


translated. 


The operand address of LOAD REAL ADDRESS is 


translated without the use of the TLB 
contents. Translation in this case is 
performed by the use of the designated 


tables in main storage. 


Selected page-table entries are purged fron 
the TLB by means of the INVALIDATE PAGE 
TABLE ENTRY instruction. All information 


in the TLB is necessarily cleared only by 
execution of PURGE TLB, SET PREFIX, or CPU 
reset. 


Programming Notes 


1. Although a copy of a table entry nay 
be placed in the TLB only when the 
entry is both valid and attached, the 
copy may remain in the TLB even when 
the entry itself is no longer valid or 
attached. 


2. No entries can be placed in the TLB 
when DAT is off because the table 
entries at this time are not attached. 
In particular, translation of the 
operand address of LOAD REAL ADDRESS, 
with DAT off, does not cause entries 
to be placed in the TLB. 


Conversely, when DAT is on, 
information may be loaded into the TLB 


from all translation-table entries 
that could be used for address 
translation, given the current 
translation parameters. The loading 
of the TLB does not depend on whether 
the entry is used for translation as 
part of the execution of the current 
instruction, and _ such loading can 
occur when the wait state is 
specified. Similarly, inf orma tion 
from a segment-table or page-table 
entry having a format error may be 


recorded in the TLB. 


3. More than one copy of a 
may exist inthe TLB. For example, 
some implementations may cause a copy 
of a valid table entry to be placed in 
the TLB for each segment-table origin 
by which the entry becomes attached. 


table entry 


4. The segment size controls how many 
segment-table entries can be referred 
to for translation. Both the page 
size and segment size control the 
selection of page-table entries and 
hence may affect whether or not an 
entry is attached. 


of the DAT entries 
and in the TLB are 
the figure "Summary of 


5. The states and use 
in both storage 
summarized in 
DAT Entries." 
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State or Function 
-}——___- 

STE is attached by means 
of PSTD (applies only to 
STE in storage) 


STE is attached by means 
of SSTD (applies only to 
STE in storage) 


STE in storage is usable 
for a particular instance 
of implicit translation 


STE can be placed in TLB 


STE in TLB is usable 


STE in TLB is usable for 
a particular instance of 
implicit translation 


PTE is attached (applies 
only to PTE in storage) 


PTE in storage is usable 
for a particular instance 


[ 
| 
[ 
[ 
| 
| 
| 
[ 
I 
{ 
l 
| 
| 
l 
| 
[ 
| 
| 
| 
[ 
| 
t 
| 
| 
| 
] 
| 
[ 
| 
| 
| 
[ 
| 
| 
| 
| 
| 
[ 
l 
| 
| 
| 
| 
t 
| 
[ 
| 
| 
| 
[ 
| 
| 
| of implicit translation 


ai icc Sina im mentite mi ln cei lat 


Conditions To Be Met 


DAT on 
No early PSW exception* 
TF valid 


STE in segment table defined by 


PSTD in CRT1 
STE selectable by a 24-bit ad— 
dress 


DAT on 
No early PSW exceptions 
TF valid 


STE in segment table defined by 


SSTD in CR7 

STE selectable by a 24—bit ad— 
dress 

PSW bit 16 one or bit 5 of CRO 
one 


STE in segment table defined and 


attached by STD being used for 
the translation 
STE selected by SX 


e STE attached 


STE I bit zero 
No TS 


DAT on 

No early PSW exceptions* 

TF matches 

STE can be selected by an STD 

— C bit one, or 

— STO matches PSTO, or 

— STO matches SSTO and PSW bit 
16 one or bit 5 of CRO one 


DAT on 

No early PSW exceptions* 

TF matches 

STE selected by STD being used 
for the translation, that is, 
— STO matches, or 

— C bit one 

SX matches 


PTE in page table defined by 


usable STE in the TLB or defined 
by an STE that can be placed in 


the TLB 


PTE in page table defined by STE 


being used for the translation 


PTE selected by PX 


ah RS a a a a 
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a 
State or Function | 


| 
ee ee ee 
PTE can be placed in TLB 


e No TS 


DTE in TLB is usable 


PTE in TLB is usable for 
a particular instance of 
implicit translation 








e PTE attached 
e PTE I bit zero 


| 

[ 

[ 

| 

| « PTE selected by a usable STE in 
| the TLB or by an STE that can 

[ be placed in the TLB 

| — PTO matches, 

{ — PX within PTL, 
| — TF matches 

| 

| e« PTE selected by STE being used 
| for the translation 

| — PTO matches, 
| 

[ 

[ 


SS reer 
Conditions To Be Met 


and 
and 


and 


— PX within PTL, and 
— TF matches 
e DPX matches 
noes SS Ser = oO 
| [ 
| Explanation: | 
| | 
| * Condition does not necessarily apply on models | 
| which do not have DAS installed | 
| C bit Common—segment bit in STE | 
| I bit Invalid bit in table entry | 
| PSTD Primary segment—table designation | 
| PSTO Primary segment—takle origin | 
| PTE Page—table entry | 
| PTL Page-table length | 
[ PTO Page—table origin | 
| PX Page index | 
| SSTD Secondary segment-—table designation | 
| SSTO Secondary segment—table origin | 
| STD Segqment—table designation | 
[ STE Segqment—tatle entry | 
| STO Segment—table origin | 
| SX Segment index | 
| TF Translation format (control register 0, bits 8-12) | 
| TS Translation-specification exception | 
a ee rem ea i ee i St es —— a a ree 





Summary of DAT Entries (Part 2 of 2) 


Modification of Translation Tables 


nd 





When an attached and invalid table entry is 
made valid and no usable entry for the 
associated virtual address is in the TLB, 
the change takes effect no later than the 
end of the current unit of operation. 
Similarly, when an unattached and valid 
table entry is made attached and no usable 
entry for the associated virtual address is 
in the TLB, the change takes effect no 
later than the end of the current unit of 
operation. 

When a valid and attached table entry is 
changed, and when, before the TLB is 
purged, an attempt is made to refer to 
storage uSing avirtual address requiring 
that entry for translation, unpredictable 
results may occur, to the following extent. 
The use of the new value may begin between 





instructions or during the execution of an 
instruction, including the instruction that 
caused the change. Moreover, until the TLB 
is purged, the TLB may contain both the old 
and the new values, and it is unpredictable 
whether the old or new value is selected 
for a particular access. If both old ani 
new values of a segment-table entry are 
present in the TLB, a page-table entry may 
be fetched using one value and placed in 
the TLB associated with the other value. 
If the new value of the entry is a val: 
which would cause an exception, the 
exception may or may not cause an 
interruption to occur. If an interruption 
does occur, the result fields of the 
instruction may be changed even though the 
exception would normally cause suppression 
or nullification. 


When LOAD CONTROL changes’ the translation 
format, segment-table origin, or 
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segqnent-table length, 


the values of these 


fields at the start of the operation are in 
effect for the duration of the operation. 


Entries are 


deleted from the TLB in 


accordance with the following rules: 


Ts 


the TLB 
and CPU 


All entries are deleted from 
by PURGE TLB, SET PREFIX, 
reset. 


Selected entries are deleted from the 
TLB by the execution of INVALIDATE 
PAGE TABLE ENTRY or by receipt of an 
INVALIDATE PAGE TABLE ENTRY broadcast 
from another CPU. 


Some or all TLB entries may be purged 
at times other than those required by 
PURGE TLB and INVALIDATE PAGE TABLE 
ENTRY. 


Programming Notes 


a= 


3-26 


Entries in the TLB 
used for translation after the table 
entries from which they have _ been 
forned have become unattached or 
invalid. These TLB entries are not 
necessarily removed unless explicitly 
purged from the TLB. 


may continue to be 


A change made to an attached and valid 
entry oraeochange made toa table 
entry that causes the entry to become 
attached and valid is reflected in the 


translation process for the next 
instruction, or earlier than the next 
instruction, unless a TLB entry 
qualifies for substitution of that 


table entry. However, a change made 
to a table entry that causes the entry 
to become unattached or invalid is not 
necessarily reflected in the 
translation process until the TLB is 
purged of entries which qualify for 
substitution for that table entry. 


Exceptions associated with dynamic 
address translation may be established 
by a pretest for operand accessibility 
that is performed as part of the 
initiation of the execution of the 
instruction. Conseguently, a segment- 
translation or page-translation 
exception may be indicated when a 
table entry is invalid at the start of 
execution even if the instruction 
would have validated the table entry 
it uses and the takle entry would have 
appeared valid if the instruction was 
considered to process the operands one 
byte at a time. 


an attached table 
I bit to one 


A change made _ to 
entry, except to set the 


Systemn/370 Principles of Operation 


or zero, 
results 

translation before the 
The use of the new value may begin 
between instructions or during’ the 
execution of an instruction, including 
the instruction that caused the 
change. When an instruction, such as 
MOVE (MVC), makes a change to an 
attached table entry, including a 
change that makes the entry invalid, 
and subsequently uses the entry for 


may produce unpredictable 
if that entry is used for 
TLB is purged. 


translation, a changed entry is being 
used without a prior purging of the 
TLB, and the associated 


unpredictability of result values and 
of exception recognition applies. 


Manipulation of attached table entries 
May cause spurious table-entry values 
to be recorded ina TLB. For example, 
if changes are made pieceneal, 
modification of a valid attached entry 
May cause a partially updated entry to 
be recorded, or, if an intermediate 
value is introduced in the process of 
the change, a supposedly invalid entry 
may temporarily appear valid and may 
be recorded in the _ TLB. Such an 
intermediate value may be introduced 
if the change is made by an TIyso 
operation that is retried, or if an 
intermediate value is introduced 
during the execution of a single 
instruction. 


As another example, if a segment-table 
entry is changed to designate a 
different page table and used without 
purging the TLB, then the new page- 
table entries may be fetched and 
associated with the old page-table 
origin. In such a case, the 
instruction INVALIDATE PAGE TABLE 
ENTRY (IP TE) designating the 
page-table origin will not necessarily 
purge the page-table entries fetched 
from the new page table. 


To facilitate the manipulation of 
translation tables, IPTE is provided, 
which sets the I bit in a page-table 
entry to one and purges all system 
TLBs of entries formed from that table 
entry. 


IPTE is useful for setting the I bit 
to one in a page-table entry and 
causing TLB copies of the entry to be 
purged from the TLB of each CPU in the 
configuration. The following aspects 
of the tTLB operation should be 
considered when using IPTE. (See also 
the programming notes following IPTE.) 


a. IPTE should be issued before 
making any change toa page-table 
entry other than changing the 
low-order bit; otherwise, the 


of IPTE 
TLB copies of 


selective purging portion 
may not purge the 
the entry. 


b. Invalidation of all the page-table 
entries within a page table by 
means of IPTE does not necessarily 
purge the TLB of the copies, if 
any, of the segment-table entry 
designating the page table. When 
it is desired to invalidate and 


purge a segment-table entry, the 
rules in note 5 below must be 
followed. 


c. When a large number of page-table 
entries are to be invalidated at a 
single time, the overhead involved 
in using PTLB and in following the 
rules in note 5 below may be less 
than in issuing an IPTE for each 
page-table entry. 


of IPTE 
entry, 
should 
following 
are observed, 

performed as if the 
from main storage were 
used in the translation 


For cases other than the use 
for invalidating a page-table 
manipulation of table entries 
be in accordance with the 
rules. If these rules 
translation is 
table entries 

always 

process. 


ae An entry must not be changed while 
it is being used by a CPU except 
either to invalidate the entry, 
using PURGE TLB (PTLB) or IPTE, or 
to alter bit 15 of a page-table 
entry. 


b. When any change is made to a table 
entry other than a change to the 
low-order bit of a page-table 
entry, each CPU which may havea 
TLB entry formed from that entry 
must issue PTLB after the change 
occurs and prior to the use of 
that entry for translation by that 
CPU, except that the purge is 
unnecessary if the change was made 
using IPTE or was made to bit 15 
of a page-table entry. 


c. When any change is made to an 
invalid entry in such a way as to 
cause intermediate valid values to 
appear in the entry, each CPU to 
which the entry is attached must 
issue PTLB after the change occurs 
and prior to the use of the entry 
for implicit address translation 
by that CPU. 

qd. When any change is made to a 

segmnent-table or page-table 

length, each CPU to which that 
table has been attached must issue 

PTLB after the length has’ been 

changed but before that table 


becomes attached again to the CPU. 


Note that when an invalid page-table 
entry is made valid without 
introducing intermediate valid values, 
the TLB need not be purged in a CPU 
which does not have any usable TLB 
copies for that entry. Similarly, when 
an invalid segment-table entry is made 
valid without introducing intermediate 
valid values, the TLB need not be 
purged in acCPU which does’ not have 
any usable TLB copies for that 
segment-table entry and which does not 
have any usable TLB copies for the 
page-table entries attached by it. 


Execution of PTLB may have an adverse 
effect on the performance of some 
models. Use of this instruction 
should, therefore, be minimized in 
conformity with the above rules. 


ADDRESS SUMMARY 


ADDRESSES TRANSLATED 


Most addresses that are 
specified by the progran 
the CPU to refer to 

instruction or an operand are logical 
addresses and are subject to translation 
when DAT is on. Analogously, the 
corresponding addresses indicated to the 
program on an interruption or as the result 
of executing an instruction are logical. 


explicitly 
and are used by 
storage for an 


Translation is not applied to auantities 
that are formed as storage addresses from 
the values designated in the B and D fields 
of an instruction but that are not used to 
address storage. This includes’ operand 
addresses in LOAD ADDRESS, MONITOR CALL, 
and the shifting and I/O instruction. This 
also includes the addresses in control 
registers 10 and 11 designating the 
starting and ending locations for PER. 


With the exception of INSERT VIRTUAL 
STORAGE KEY, the addresses explicitly 
designating storage keys (operand addresses 
in SET STORAGE KEY, INSERT STORAGE KEY, and 
RESET REFERENCE BIT) are real addresses. 
Similarly, the addresses implicitly used by 
the CPU or channel for such sequences as 
interruptions, updating the interval timer 
at location 80, DAT-table references, and 
logout, including the machi ne-check- 
extended-logout address in control register 
15, are real addresses. 


The addresses used by channels to transfer 
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data, channel-command words, or indirect- translation facility. For a description of 


data-address words are absolute addresses. prefixing, see the section "Prefixing" in 
Similarly, the I/0O-extended-logout address this chapter. os 
at location 172 is an aksolute address. 

The handling of storage addresses 

associated with DIAGNOSE is model- HANDLING OF ADDRESSES 

dependent. 

The processing of addresses, including The handling of addresses is summarized in 
dynamic address translation and prefixing, the figure “Handling of Addresses." This 
is discussed in the section “Address Types" figure lists all addresses that are 
in this chapter. Prefixing, when provided, encountered by the program and specifies 
is applied after the address has been the address type. 


translated by means of the dynamic-address- 


e Operand address in LOAD REAL ADDRESS 

e Operand address in INSERT VIRTUAL STORAGE KEY 

e Operand addresses in MCVE TO PRIMARY and MOVE TO SECONDARY. 

e Address stored in the word at real location 144 on a program 
interruption for page—-translation or seqment—translation 
exception 


e Instruction address in PSW 

e Branch addresses 

e Target of EXECUTE 

e Address stored in the word at real location 152 on a pro— 
gram interruption for PER 

e Address placed in general register by BRANCH AND LINK, 
and PROGRAM CALL 


Logical Addresses 


: 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

[ 

| 

| 

| 

| 

| 

[ 

| 

| «© Addresses of storage operands for instructions not other— 
| wise specified 

| e Address placed in general register 1 by TRANSLATE AND TEST 
| and EDIT AND MARK 

| Addresses in general registers updated by MOVE LONG and 
| COMPARE LOGICAL LONG 

| 
| 
| 
| 
| 
| 
| 
| 
{ 
| 
( 
\ 
{ 
| 
| 
| 
| 
| 
{ 
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Real Addresses 

e Operand addresses in SET STORAGE KEY, INSERT STORAGE KEY, 
TEST BLOCK, and RESFT REFERENCE BIT 

e Operand addresses in READ DIRECT and WRITE DIRECT when 

INVALIDATE PAGE TABLE ENTRY is installed 

Cage-table origin in INVALIDATE PAGE TABLE ENTRY 

Segment—table origins in control registers 1 and 7 

Page-table origin in segment-—table entry 

Page—frame real address in page-table entry 

MCEL address in control register 15 

The translated address generated by LOAD REAL ADDRESS 

Address of segment-—table entry or page-table entry provided 

by LOAD REAL ADDRESS 

ASN—first—table origin in control register 14 

ASN—-second—table origin in ASN—first—table entry 

Authority-—table origin in ASN—second—table entry 

Linkage—table origin in control register 5 


Entry—table origin in linkage—table entry 
SS ee eee ee 
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a 
Permanently Assigned Real Addresses 


e Addresses of PSWs, interruption codes, and associated in— 
formation used during interruption 

e Address used by CPU to update interval timer at real loca— 
tion 80 

e Address of CAW, CSW, and other locations used during an I/0 
interruption or during execution of an I/O instruction, in— 
cluding STORE CHANNFL ID 


Absolute Addresses 


e Prefix value 

e CCW address in CAW 

e Data address in CCW 

e Address of the indirect—data—address list ina CCW speci- 
fying indirect—data addressing 

e CCW address in a CCW specifying transfer in channel 

e Data address in indirect—data-—address words 

e ITOEL address at real location 172 

e Failing-storage address stored in the word at real location 


248 
e CCW address in CSW 


Permanently Assigned Absolute Addresses 

e Addresses of PSW and first two CCWs used for initial pro— 
gram loading 

e Addresses used for the store-status function 


Addresses Not Used to Reference Storage 


aa —ai 





e PER starting address in control register 10 

PER ending address in control register 11 

The address stored in the word at real location 156 for a 

monitoring event 

e Address in shift instructions and other instructions speci- 
fied not to use the address to reference storage 

e Parameter stored in the word at real location 128 for a 


service-signal external interruption 
_—————— a ee Ne ee eee 








Handling of Addresses (Part 2 of 2) 


ASSIGNED STORAGE LOCATIONS 8-15 Restart 01d PSW: The current PSW 
is stored as the old PSW at 
locations 8-15 during a_ restart 
interruption. 


24-31 External Old PSW: The current PSW 


ASSIGNED REAL-STORAGE LOCATIONS is stored as the old PSW at 
locations 24-31 during an external 
interruption. 

The figure "Assiqned Locations in Real 

Storage" shows the format and extent of the 32-39 Super visor-Call Old PSW: The 

assigned locations in real storage. Ina current PSW is stored as the old 

multiprocessing systen, real storage PSW at locations 32-39 during a 

addresses are transformed to absolute supervisor-call interruption. 

addresses by means of prefixing. The 

locations are used as_ follows. Unless 40-47 Program Old PSW: The current PSW 

specifically noted, the usage applies to is stored as the old PSW at 

both the BC and EC modes. locations 40-47 during a  progran 
interruption. 

0-7 Restart New PSW: The new PSW is 

fetched from locations 0-7 during a 48-55 Machine-Check Old PSW: The current 
restart interruption. PSW is stored as the old PSW at 
locations 48-55 during a 
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56-63 


64-71 


72-75 


80-83 


84-87 


88-95 


96-103 


104-111 


112-119 


120-127 


128-131 


132-133 


3-30 


machine-check interruption. 


Input/Output Old PSW: The current 
PSW is stored as the old PSW at 
locations 56-63 during an I/O 
interruption. 


CSW: The channel-status word (CSW) 
is stored at locations 64-71 during 
an I/O interruption. Part or all 
of it may be stored during the 
execution of START I/0, START I/0 
FAST RELEASE, TEST I/0, CLEAR I/O, 
HALT I/O, or HALT DEVICE, in which 
case condition code 1 is set. 


CAN: The channel-address word 
(CAW) is fetched from locations 
72-75 during the execution of START 
I/O and START I/O FAST RELEASE. 


80-83 
The 
updated whenever 


Interv Locations 
contain the interval timer. 
interval timer is 
the CPU is in the operating state 
and the manual interval-timer 
control is set to enable. 


Address of Trace-Table Header: The 
address of the control block which 
defines the trace table used by DAS 
tracing and by the System/370 
extended facility is provided in 
this location. 
External New PSW: The new PSW is 
fetched from locations 88-95 during 
an external interruption. 


Supervisor-Call New 
PSW is fetched 
96-103 during a 
interruption. 


PSW: The new 
from locations 
supervisor-call 


Program New PSW: The new PSW is 
fetched from locations 104-111 


during a program interruption. 


Machine-Check New PSW: The new PSW 


is fetched from locations 112-119 
during a machine-c heck 
interruption. 


The new PSW 
120-127 


Input/Output New PSwW: 
is fetched from locations 
during an I/O interruption. 


tern ai~ inte Parameter: 
During an external interruption due 
to service signal, the parameter 
associated with the interruption is 
stored at locations 128-131. 


CPU Address: During an external 
interruption due to malfunction 
alert, emergency Signal, or 
external call, the Cpu. address 


associated with the source of the 
interruption is stored at locations 
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134-135 


136-139 


140-143 


144-147 


132-133. For all other 
external-interruption conditions, 
zeros are stored at locations 


132-133 when the 
the EC mode, and 
unchanged when 
specified the BC 


old PSW specified 
the field remains 

the old PSW 
mode. 


External-Interruption Code: During 
an external interruption in the EC 
mode, the interruption code is 
stored at locations 134-135. 


Supervisor-Call-Interruption Iden- 
tification: During a supervisor- 
call interruption in the EC node, 
the instruction-length code is 
stored in bit positions 5 and 6 of 
location 137, and the interruption 
code is stored at locations 
138-139. Zeros are stored at 
location 136 and in the remaining 
bit positions of 137. 


Program-Interruption Identifica- 


tion: During a program interrup- 
tion in the EC mode, the 
instruction-length code is’ stored 


in bit positions 5 and 6 of 
location 141, and the interruption 
code is stored at locations 
142-143. Zeros are stored at 
location 140 and in the remaining 
bit positions of 141. 


Translation-Exception Identifica- 
tion: During a program interrup- 
tion due to a segment-translation 
exception or a page-translation 
exception, the virtual address 
being translated is stored at 
locations 144-147. This address is 
sometimes referred to as the 
translation-exception address. 
Bits 1-7 of location 144 are set to 


zeros. With DAS, bit 0 of location 
144 is set to zero if the 
translation was relative to the 


primary segment table designated by 
control register 1, and set to one 
if the translation was relative to 
the secondary segment table 
designed by control register 7. 
Without DAS, bit 0 of location 144 
is set to zero. 


During a program interruption due 
to an AF X-translation, ASX- 
translation, primary-authority, or 
secondary-authority exception, the 
ASN being translated is stored at 
locations 146-147. Locations 
144-145 are set to zeros. 


During a program interruption for a 


space-switching event, the old 
PASN, Which appears in the fright 
half of control register 4 before 


the execution of a space-switching 


J 


J 


C 


148-149 


150-151 


152-155 


156-159 


161-163 


168-171 


172-175 


176-179 


185-187 


is stored at 
Locations 


PC or PT inStruction, 
locations 146-147. 
144-145 are set to zeros. 


During a program interruption due 
to an LX-translation or EX- 
translation exception, the PC 


number is stored in bit positions 
12-31 of the word at location 144. 
Bits 0-11 are set to zeros. 


Monitor-Class Number: During a 
program interruption due to a 
monitor event, the monitor-class 


number is stored at location 149, 
and zeros are stored at 148. 


PER Code: During a program 
interruption due to a PER event, 
the PER code is stored in bit 


positions 0-3 of location 150, and 
zeros are stored in bit positions 


4-7 and at location 151. This 
field can be stored only when the 
instruction causing the PER 
condition was executed under the 
control of a PSW specifying the EC 
mode. 

PER Address: During a program 
interruption due to a program 


event, the PER address is stored at 


locations 153-155, and zeros are 
stored at location 152. This field 
can be stored only when the 
instruction causing the PER 
condition was executed under the 
control of a PSW specifying the EC 
mode. 

Monitor Code: During a program 
interruption due to a monitor 
event, the monitor code is stored 


at locations 157-159, and zeros are 
stored at location 156. 


MAPL: Address of a_ control block 
used by the System/370 extended 
facility. 


Channel ID: The four-byte channel- 
identification information is 
stored at locations 168-171 during 
the execution of STORE CHANNEL ID. 


IOEL Address: The I/0-extended- 
logout address is fetched from 
locations 172-175 dutring the I/0- 
extended-logout operation. 

Limited Channel Logout: The 


limited-channel-logout information 
is stored at locations 176+179. 
This field may te stored only when 
the CSW or a portion of the CSW is 
stored. 

I/0 Address: 


During an Ifo 





216-223 


224-231 


232-239 


244-247 


248-251 


252-255 


256-351 


352-383 


384-447 


448-511 


interruption in the EC mode, _ the 
two-byte I/O address is. stored at 
locations 186-187, and zeros are 


stored at location 185. 


Machine-C heck CPU-Timer 


SS ES SS == a ee ee ee ee 


Save Agea: 


During a machine-check interfup> 
tion, the contents of the CPU 
timer, if installed, are stored at 


locations 216-223. - 
Machine-Check Clock-Comparator gave 
Area: During a machine-check 
interruption, the contents of ‘the 
clock comparator, if installed, are 
stored at location 224-231. 


Machine-C heck-Interr Cades 
During a machine-check interruption 
the machine-check-interruption dode 
is stored at locations 232-239. 


External-Damage Code: During a 
machine-check interruption due; to 
certain external-damage conditions, 
depending on the model, an 
external-damage code may be stared 
in these locations. \ 


During a 


Failing-Storage Address: 
machine-check interruption, © a 


failing-storage address, if any,:is 
stored at locations 249-251, ‘and 
zeros are stored at location 244, 


Region Code: During a machige- 
check interruption, model-dependeént 
information may be stored jat 
locations 252-255. | 
Area: Depending on 
logout information ay 


Fixed-Logout 
the model, 


be placed in this area during:: a 
machine-check interruption. 
Additionally, the contents of 
locations 256-351 may be changed::at 
any time, subject to -the 


asynchronous-—fixed-logout-contral 
bit in control register 14. wi 


Machine-C heck Floating-Poift- 


Register Save Area: During : ia 
machine~check interruption, ‘the 
contents of the floating-point 
registers are stored at locatiéns 
352-383. 


ot 
Machine-Check General-Register Sve 


Area: During a machine-check 
interruption, the contents of i fhe 
general registers 


are stored: fat 
locations 384-447. bet 


Machine-Check Control-Register $ave 


Area: During a machine-check 
interruption, the contents of the 
control registers are stored at 


locations 448-511. 
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ASSIGNED ABSOLUTE STORAGE LOCATIONS Area: During the execution of the 


store-status operation, the 
contents of the clock comparator, 
The figure "Assigned Locations in Absolute if installed, are stored at 


Storage" shows the format and extent of the location 224-231. 
assigned locations in aksolute storage. 
The locations are as follows, and the usage 


applies to both the BC and EC modes. 


256-263 Store-Status PSW Save Area: During 
the execution of the store-status 
operation, the contents of the 
current PSW are stored at location 
256-263. 


0-7 IPL PSwW: The first eight bytes 
read during the IPL initial read 
Operation are stored at locations 
0-7. The contents of these 
locations are used as the new PSW 
at the completion of the IPL 
operation. These locations may 
also be used for temporary storage 


264-267 Store-Status Prefix Save Area: 
During the execution of the 
store-status operation, the 
contents of the prefix register, if 


installed, are stored at location 


at the initiation of the IPL 264-267. 
operation. 
| 268-271 Store-Status Model-Dependent Save 
8-15 IPL CCW: Bytes 8-15 read during | Area: During the execution of the 
the IPL initial read operation are | store-status operation, model- 
stored at locations 8-15. The | dependent information may be stored 
( 


contents of these locations are at locations 268-271. 


ordinarily used as the next CCW in 


the IPL initial read operation are 
stored at locations 16-23. The 
contents of these locations may be 
used as another CCW in the IPL CCW 
chain to follow IPL CCW1. 


floating-point registers are stored 
at locations 352-383. 


an IPL CCW chain after completion | 352-383 Store-Status Floating-Point- 

of the IPL initial-read operation. | Register Save Area: During the 

| execution of the store-status 

16-23 IPL CCW2: Bytes 16-23 read during | operation, the contents of the 
| 
[ 


384-447 Store~Status General-Register Save 
Area: During the execution of the 
store-status © operation, the 
contents of the general registers 


are stored at locations 384-447. 


216-223 Store-Status CPU-Timer Save Area: 
During the execution of the 
store-status operation, the 
contents of the CPD timer, if 
installed, are stored at locations 
216-223. 


448-511 Store-~Status Control-Reqister Save 
Area: During the execution of the 
store-status operation, the 
contents of the control registers 
are stored at locations 448-511. 


224-231 Store-Status Clock-Comparator Save 
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Hex Dec 
0 











70 112 
74 116 


4 
8 | Restart Old PSW 
gee 
14 20 
18 24 | External Old PSW 
1C 28 
20 32 | Supervisor Call Old PSW 
28 40 | Program Old PSW 
2c 44 initia 
30 48 | Machine-Check Old PSW 
34 52 
38 56 | Input/Output Old PSW 
40 64| Channel Status Word 
54 84 | Address of Trace Table Header 
58 88 | External New PSW 
60 96 | Supervisor Call New PSW 
68 104] Program New PSW 
78 = 120) Input/Output New PSW 
7C 124 





128 | External-Interruption Parameter 


132] CPU Address External-Interruption Code 
136 |0000000000000)ILC|O} Supery -Call-Irptn Code 
140 0000000000000IILCIo Program-Interruption Code 


90 144! Translation-Exception Identification 


94 — 148}00000000|Monitor cl #|PERC [000000000000 


98 152\99000000 PER Address 


8 —18lo9000000| Monitor Code 


A4 164 
[Jeane eso] ie aaaress 


B8 184 
Assigned Locations in Real Storage 





88 & 8 








































Hex 
BC 


CO 
C4 
C8 
cc 
DO 
D4 
bs 
DC 
EO 
E4 
Eg 
EC 
FO 
F4 
F8 
FC 
100 
104 
108 
10C 


154 
158 
15C 
160 
164 
168 
16C 
170 
174 
178 
17C 
180 
184 
188 
18C 


1B4 
1B8 
1BC 
1C0 
1C4 
108 
1CC 


1F4 
1F8 
1FC 


Dec 
188 


192 
196 
200 
204 
208 
212 
216 
220 
224 
228 
232 
236 
240 
244 
248 
252 
256 
260 
264 
268 


Machine-Check CPU-Timer Save Area 


Machine-Check Clock-Comparator Save Area 





Machine-Check Interruption Code 








External-Damage Code 
00000000 Failing-Storage Address 





Region Code 


Fixed Logout Area 


Machine-Check Floating-Point Register Save Area 


Machine-Check General-Register Save Area 


Machine-Check Control-Register Save Area 
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Hex 


—-~  oe 
of 2 0 @ 


7c 


SRxRESS 


B4 
B8 
BC 


Assigned Locations in Absolute Storage 


BaesBsSPSSRSPtSFESES ARSESSSR IS 


Dec 


1 
1 
108 
112 
116 
120 
124 
128 
432 
136 
140 
144 


2SRRBRR 


148 
152 
' 156 


160 
164 
168 
172 
176 
180 
184 
188 
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Initial Program Loading PSW 
Initial Program Loading CCW1 


Initial Program Loading CCW2 





Hex 
Co 
C4 
c8 
Cc 
DO 
D4 
D8 
DC 
EO 
E4 
E8 
EC 
FO 
F4 
F8 
FC 
100 
104 
108 
10C 
110 


158 
15C 
160 
164 
168 
16C 
170 
174 
178 
17C 
180 
184 
188 
18C 


1B4 
1B8 
1BC 
1CO 
104 
1C8 
1¢0C 


1F4 
1F8 
1FC 
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Dec 
192 
196 
200 
204 
208 
212 
216 
220 
224 
228 
232 
236 
240 
244 
248 
252 
256 
260 
264 
268 
272 












Store-Status CPU Timer Save Area 
Store-Status Clock-Comparator Save Area 


Store-Status PSW Save Area 


Store-Status Prefix Save Area 
Store-Status Model-Dependent Save Area 


344 
348 
352 
356 
360 
364 
368 
372 
376 
380 
384 
388 
392 
396 


Store-Status Floating-Point Register Saye Area 


Store-Status Generai-Register Save Area 


436 
440 
444 
448 
452 
456 
460 


Store-Status Control-Register Save Area 


500 
504 | 
508 


C 
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detail the 
measuring, and 
operation of one or more 


This chapter describes in 
facilities for controlling, 
recording the 


ClUs. 
STOPPED, OPERATING, LOAD, AND CHECK-~STOP 
STATES 
The stopped, operating, load, and 


check-stop states are four mutually 
exclusive states of the CPD. When the CPU 


is in the stopped state, instructions and 
interruptions, other than the restart 
interruption, are not executed. In the 
noerating state, the CPU executes 
instructions and takes interruptions, 
subject to the control of the 
vroqram-status word (PS¥) and control 


registers, and in the manner 
the setting of the 
control. The CPU is in 
during the initial-program-loading 
operation. The CPU enters the check-stop 
state only as the result of machine 
malfunctions. 


specified by 
operator-facility rate 
the load state 


A change between these four CPU states can 
be effected by use of the operator 
facilities or by acceptance of certain 
SIGNAL PROCESSOR orders addressed to that 
CPU. The states are not controlled or 
identified by bits in the PSW. The 
stopped, load, and check-stop states are 
indicated to the operator by means of the 
manual indicator, load indicator, and 
check-stop indicator respectively. These 
three indicators are off when the CPU is in 
the operating state. 


The CPU timer is updated when the CPU is in 
the operating state or the load state. The 
TOD clock is updated whenever power is on. 
The interval timer is updated only when the 
CPU is in the operating state. 


STOPCED STATE 


The state of the CPU is changed fron 
operating to stopped by the stop function. 
The stop function is performed when: 


* The stop key is activated while the 
CPY is in the operating state. 


e The CPU accepts a stop or 
stop-and-store-status order specified 
by a SIGNAL PROCESSOR instruction 


addressed to this CPU while it is in 


the operating state. 
e The CPU has finished the execution of 


a unit of operation initiated by 
performing the start function with the 
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rate control set to instruction step. 


When the stop function 
transition from the operating to the 
stopped state occurs at the end of the 
current unit of operation. When the 
Wait-state bit of the PSW is one, the 
transition takes place immediately, 
provided no interruptions are pending for 
which the CPU is enabled. In the’ case of 
interruptible instructions, the amount of 
data processed in a unit of operation 
depends on the particular instruction and 
may depend on the model. 


is performed, the 


Before 
pending 
while 


entering the stopped state, all 

allowed interruptions are _ taken 
the CPU is still in the operating 
state. They cause the old PSW to be stored 
and the new PSW to be fetched before the 
stopped state is entered. When the CPU is 
in the stopped state, interruption 
conditions remain pending. 


The CPU is 
states 


also placed in the _ stopped 


e When a reset is completed, except when 
the reset operation is performed as 
part of initial program loading, and 


indicates 
the match is 


e When an address comparison 
equality and stopping on 
specified 


The execution of resets is described in the 


section "“Resets" in this chapter, and 
address comparison is described in the 
section “address-Compare Controls" in 


Chapter 13, “Operator Facilities." 


If the CPU is in the stopped state when an 
INVALIDATE PAGE TABLE ENTRY instruction is 


executed on another CPU in the 
configuration, the invalidation may be 
performed immediately or may be delayed 


until the CPU leaves the stopped state. 


OPERATING STATE 


The state of the cCPU is 
stopped to operating when the 
function is performed or whena 

interruption (see Chapter 6) occurs. 


chanaqed from 
start 
restart 


The start function is performed if the CPU 
is in the stopped state and (1) the start 
key associated with that CPU is activated 
or (2) that CPU accepts the start order 
specified by a SIGNAL PROCESSOR instruction 


addressed to that CPU. The effect of 
performing the start function is 
unpredictable when the stopped state was 


entered by means of a reset. 


When the wait-state bit is one and the rate 


control is set to instruction step, the 
start function causes no instruction to be 
executed, but all pending allowed 
interruptions are taken before the CPU 
returns to the stopped state. 


LOAD STATE 


The cPU enters the _ load 
load-normal or load-clear 

(see the section "Initial Program Loading" 
in this chapter). When the initial- 
program-loading operation is completed 
successfully, the CPU state changes from 
load to operating, provided the rate 
control is set to process; if the rate 
control is set to instruction step, the CPU 
state changes from load to stopped. 


state when the 
key is activated 


CHECK~STOP STATE 


The check-stop state, which the CPU enters 
on certain types of machine malfunction, is 
described in Chapter 11, “Machine-Check 
Handling." 


Programming Notes 


1. Except for the relationship between 
execution time and real time, the 
execution of a program is not affected 
by stopping the CPU. 


machine 
unable to end 
instruction, the 
ineffective, and a 


2. When, because of a 
malfunction, the CPU is 
the execution of an 
stop function is 


reset function has to be invoked 
instead. A Similar situation occurs 
when an unending string of 


interruptions results from a PSW with 
a PSW-format error of the type that is 
recognized early, or from a persistent 
interruption condition, such as one 
due to the CPU timer. 

continue to 


3. Input/foutput operations 


completion after the CPU enters’ the 
stopped state. The interruption 
conditions due to completion of I/0 


operations remain pending when the CPU 
is in the stopped state. 


The current program-status word (PSW) 
contains information required for the 
execution of the currently active program. 
The PSW is 64 bits in length and includes 
the instruction address, condition code, 
and other control fields. In general, the 
PSW is used to control instruction 
sequencing and to hold and indicate much of 
the status of the CPU in relation to the 
program currently being executed. 
Additional control and status information 
is contained in control registers and 
permanently assigned storage locations. 


Control is switched during an interruption 
of the CPU by storing the current PSW, so 
as to preserve the status of the CPU, and 
then loading a new PSW. 


The status of the CPU can be changed by 
loading a new PSW or part of a PSW. 


The instruction LOAD PSW introduces a new 
PSW. The instruction address is updated by 
sequential instruction execution and 
replaced by successful branches. Other 
instructions are provided which operate on 


a portion of the PSW. The figure 
"Operations on System Mask, PSW Key, and 
Program Mask" summarizes these 
instructions. 


A new or modified PSW becomes active (that 
is, the information introduced into the 
current PSW assumes control over the CPO) 
when the interruption or the execution of 
an instruction that changes the PSW is 
completed. The interruption for PER 
associated with an instruction that changes 
the PSW occurs under control of the PER 
mask that is effective at the beginning of 
the operation. 


Bits O-7 of the PSW are 
referred to as the system mask. 


collectively 
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SSeS Qo ee ag ae A RE. pe ee ae TRE Neem a Tey eater ATT Te pee eT TT 
| [ I | Condition | 
| [System Mask| PSW Key | Code and | 
| | (PSW Bits | (PSW Bits | Progran | 
| | 0-7) | 8—1 1) | Mask* | 
| 
| Instruction |Saved| Set |Saved| Set |Saved| Set | 
-—__—-—__-_-—__ —————_——- + 4 YH Bt 
| BRANCH AND LINK | No | No | No | No | Yes | No | 
JINSERT PSW KEY | No | No | Yes | No | No | No | 
ISET PROGRAM MASK | No | No | No | No | No | Yes | 
|SET PSW KEY FROM ADDRESS | No | No | No | Yes | No | No | 
{SET SYSTEM MASK | No | Yes | No | No | No | No | 
|STORE THEN AND SYSTEM MASK| Yes | ANDs| No | No | No | No | 
| Yes | ORS | No | No | No | No f{ 


|STORE THEN OR SYSTEM MASK 
|_—-$_$— 
| 


ey ees ee ES ree 


* PSW bits 18—23 in EC mode; 


[ 

| 

| 

| 

| 

| ANDs 
| 

| system mask. 
| 

| 

| 

| 


PSW bits 34—40 in BC mode. 


The logical AND of the immediate field in the instruc— 
tion and the current system mask replaces the current 


ee et ee ee 


ORs The logical OR of the immediate field in the instruc— 
tion and the current system mask replaces the current 
system mask. 
eee ee ee 
Operations on System Mask, PSW Key, and Progran Mask 
EC AND BC MODES instruction-length code are stored at 
various permanently assigned storage 
locations according to the class of 
Two control modes are provided for the interruptions. In the BC mode, the 
formatting and use of control and. status interruption code and instruction-length 
information: the extended-control (EC) | code are placed in the PSW for all except 
mode and the basic-control (BC) mode. machine-check interruptions. 


Certain functions available in the EC mode, 
such as PER, are not available in the BC 
mode. The mode currently in effect is 
specified by PSW bit 12. Bit 12 is one for 
the EC mode and zero for the BC node. 


Bit 6 of the PSW, in both the BC and EC 
modes, is the summary~mask bit for 
controllind T/O interruptions. In 
addition, Iso interruptions can be 
controlled individually for up to 32 


channels. In the EC mode, the individual 
control is provided by the 32 mask bits in 
control register 2, and the summary-mask 
bit in the PSW applies to all 32 channels. 


In the BC mode, channels 6 and up are 
individually controlled by the 
corresponding bits of control register 2, 
as well as the summary-mask bit, bit 6 of 
the PSW. In the BC mode, channels 0-5 are 
controlled separately by bits 0-5 of the 


PSW and are not subject to the summary mask 
or to mask bits in control register 2. 


When interruptions occur in the EC mode, 
the interruption code and 
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The program-mask and condition-code fields 
in the PSW are allocated to different bit 
positions in the two control modes. 


The instruction INSERT STORAGE KEY provides 


the reference and change bits when in the 
EC mode but produces zeros in the 
corresponding bit positions when in the BC 
mode. 


Programming Notes 


1. The BC mode provides a PSW format that 


is compatible with the PSW of 
System/360. 

2. The choice between the EC and BC modes 
affects only those aspects of 
operation that are specifically 
defined to be different for the two 
modes. It does not affect the 
operation of any functions that are 
not associated with the PSW control 


bits provided only in the EC mode, and 


J 


it does not affect the validity of any 
instructions. The instructions SET 
SYSTEM MASK, STORE THEN AND SYSTEM 
MASK, and STORE THEN OR SYSTEM MASK 
perform the specified function on the 
leftmost byte of the PSW regardless of 


the mode specified by the current PSW. 
On the other hand, the instruction SET 
PROGRAM MASK introduces a new program 
mask regardless of the PSW bit 
positions occupied by the mask. 
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PROGRAM-STATUS-WORD FORMAT IN EC MODE 


TO NS Me pre areas weer ee 


[TIE ri tt ttt | 
Key [EIMIWIPIS{OIC CI 


I tl | 
[O1IR1O O O|TIOIXI 


Prog 
Mask 10000000 0| 


eS oe on oo a a oe oo Pen i a a ee ee 


0 5 8 12 16 18 20 


24 31 


GE eg a ee EGR ee eee Se We Te me ye age ha eee NE ee ee ae 


| | 
19 00000 0 0 
a a ee Senn 


32 40 

PSW Format in EC Mode 

The following is a summary of the functions 
of the PSW fields in the EC mode. (See the 


figure "PSW Format in FC Mode." 


PER Mask (R): Bit 1 controls whether the 
CPU is enabled for interruptions associated 


with program-event recording (PER). When 
the bit is zero, no PER event can cause an 
interruption. When the bit is one, 


interruptions are permitted subject to the 
PER-event-mask bits in control register 9. 


DAT Mode (fT): Bit 5 controls whether 
implicit dynamic address translation of 
storage addresses by the use of segment and 
page tables takes place. When the bit is 
zero, DAT is off, and storage addresses are 
not translated. When the bit is one, DAT 
is on, and the dynamic-address-translation 
mechanism is invoked. 


Mask Bit 6 controls whether the 
“DU is enabled for I/O interruptions. When 
the bit is zero, an I/O interruption cannot 


occur. When the bit is one, IT /0 
interruptions are subject to the 
channel-mask bits in control register 2; 
when a channel-mask bit is zero, the 
associated channel cannot cause an I/0 
interruption; when the channel-mask bit is 
one, an interruption condition at the 


channel can cause an interruption. 


Bit 7 controls whether 
for interruption by 
the external class. 


is enabled 

conditions included in 
When the bit is zero, an external 
interruption cannot occur. When the bit is 
one, an external interruption is subject to 


the corresponding external subclass-mask 
bits in control register 0; when the 
subclass-mask bit is zero, conditions 


associated with the subclass cannot cause 
an interruption; when the subclass-mask bit 
is one, an interruption in that subclass 
can occur. 
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Instruction Address { 


63 


Bits 8-11 form the access key for 
by the CPU. This PSW 
key is matched with a storage key whenever 
information is stored, or whenever 
information is fetched from a location that 
is protected against fetching. 


PSW Key: 
storage references 


EC Mode (E): Bit 12, which controls the 
format of the PSW and the mode of operation 
of the CPU, is one when the CPU is in the 
extended-control (EC) mode. 


Machine~Check Mask (M): Bit 13 controls 
whether the CPU is enabled for interruption 
by machine~check conditions. When the bit 
is zero, a machine-check interruption 
cannot occur. When the bit 1S one, 
machine-check interruptions due to. system 
damage and instruction-processing damage 
are permitted, but interruptions due _ to 
other machine-check-subclass conditions are 
subject to the subclass-mask bits in 
control register 14. 


Wait State (W): When bit 14 is one, the 
CPU is waiting; that is, no instructions 
are processed by the CPU, but interruptions 
may take place. When bit 14 is zero, 
instruction fetching and execution occur in 
the normal manner. The wait indicator is 
on when the bit is one. 


Problem State (P): 
CPU is in the problem state. 

is zero, the CPU is in the 
state. In the supervisor state, all 
instructions are valid. In the problen 
state, only those instructions are valid 
that cannot affect system integrity. The 
instructions that are not valid in the 
problem state are called privileged 
instructions. When acCPU in the’ problem 
state attempts to execute a privileged 
instruction, a privileged-operation 
exception 1S recognized, and a _- program 
interruption takes place. Another group of 


When bit 15 is one, the 
When bit 15 
supervisor 


instructions is called se miprivileged. 
Seniprivileged instructions are only 
executed by a CPU in the problem. state if 


specific authority tests are met; 
otherwise, a privileged-operation exception 


is recognized, anda program interruption 
takes place. 
Address~-Space Control (5S): Bit 16, in 


PSW bit 5, controls the 
This bit is provided 
discussion of the PSW 
Control" in Chapter 3, 


conjunction with 
address-space mode. 
with DAS. See the 
under "Translation 
"Storage.!! 


Condition Code (C€): Bits 18 and 19 are 
the two bits of the condition code. The 
condition code is set to 0, 1, 2, or 3, 
depending on the result obtained in 
executing certain instructions. Most 
arithmetic and logical operations, as well 
as some other operations, set the condition 
code. The instruction BRANCH ON CONDITION 
can specify any selection of the 
condition-code values as a criterion for 
branching. A table in Appendix C 
summarizes the condition-code values’ that 
may be set for all instructions which set 
the condition code of the PSW. 


Program Mask: Bits 20-23 are the four 
program-mask bits. Each bit is associated 
with a program exception, as follows: 


aa Ra Sa aa CR | 
| Progran— | ( 
{| Mask Bit | Program Exception | 
-——______————— 1 


| 20 { Fixed—point overflow | 
[ 21 | Decimal overflow | 
| 22 | Exponent underflow | 
| 23 [| Significance | 


es ee 


When the mask bit is one, the 


results in-an interruption. 


bit is zero, no interruption occurs. The 
setting of the exponent-underflow-mask bit 
Or the significance- mask bit also 
determines the manner in which the 
operation is completed when the 
corresponding exception occurs. 

Instruction Address: Bits 40-63 form the 
instruction address. This address 
designates the location of the leftmost 


byte of the next instruction. 
Bit positions 0, 2-4, 16, 
unassigned and must contain 
specification exception is 


exception 
When the mask 


17, and 24-39 are 
zeros. 
recognized when 


A 


these bit positions do not contain zeros. 


Chapter 4. Control 


4-7 


PROGRAM-STATUS-WORD FORMAT IN BC MODE 





r Sao Ee a ey ee ah 
[Chan Masks |I|E| Prete | 
| 0-5 {O1X| Key {[E(MUIWIPI Interruption Code | 
ba ee a Dh eee) 


0 6 8 12 16 31 


Ge ee eg ea eee 
l [ | Prog | | 
{ILC|CC | Mask | Instruction Address | 
CL St Ee ee eee ee eS J 


32 34 36 4Q 

PSW Format in BC Mode 

The following is a summary of the functions 
of the PSW fields in the BC mode. (See the 
figure "PSW Format in BC Mode.") 


Channel Masks Q-5: Bits 0-5 control 
whether the cpu is enabled for I/O 


interruptions from channels 0-5, 
respectively. When abit is zero, the 
associated channel cannot cause an I/0 
interruption. When the bit is one, an 


interruption condition at the channel can 
cause an I/O interruption. 


I/O Mask (10): Bit 6 controls whether the 
CPU is enabled for I/O interruptions from 
channels 6 and higher. When the bit is 
zero, these channels cannot cause I/0 
interruptions. When the bit is one, I/0 
interruptions are sub ject to the 
channel-mask bits of the corresponding 
channels in control register 2: when a 
channel-mask bit is zero, the associated 
channel cannot cause an I/O interruption; 
when the channel-mask bit is one, an 
interruption condition at the channel can 
cause an interruption. 


External Mask (EX): Bit 7 controls whether 
the CPU is enabled for interruption by 
conditions included in the external class. 
The meaning is the same as in the EC mode. 


PSW Key: Bits 8-11 form the access key for 
storage references by the CPU. The meaning 
is the same as in the EC mode. 


EC Mode (£): Bit 12, which controls the 
format of the PSW and the mode of operation 
of the CPU, is zero when the CPU is in the 
basic-control (BC) mode. 


Machine-Check Mask (M): Bit 13 controls 
whether the CPU is enabled for interruption 
by machine-check conditions. The meaning 
is the same as in the EC mode. 


Wait State (W): When bit 14 is one, the 


CPU is waiting. The meaning is the same as 
in the EC mode. 
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Problem State (P): When bit 15 is one, the 
CPU is in the problem state. When bit 15 
is zero, the cCPU is in the supervisor 
state. The meaning is the same as in the 


EC mode. 


Interruption Code: Bits 16-31 in the old 
PSW, which is stored during a _ progran, 
supervisor-call, external, or I/O 
interruption, identify the cause of the 
interruption. This field is not used or 
checked in the current PSW. When a new PSW 
is introduced, the contents of this field 
are ignored. 


Instruction-Length Code (ILC): Bit 
positions 32 and 33 of the old PSW 
indicates the length of the 


last-interpreted instruction when a program 
or supervisor-call interruption occurs. 
See the section "Instruction-Length Code" 
in Chapter 6, "Interruptions." When a new 
PSW is introduced, the contents of this 
field are ignored. 


Condition Code (CC): Bits 34 and 35 are 


the two bits of the condition code. The 
meaning is the same as in the EC mode. 


Program Mask: Bits 36-39 are the four 
program-mask bits. Each bit is associated 
with a program exception, as follows: 


Ce a ee ee ee en ee ew a a ae ee oe 
| Progran— | | 
| Mask Bit | Program Exception | 


4 


{ 36 | Fixed—point overflow | 
{ 37 | Decimal overflow } 
| 38 | Exponent underflow | 
| 39 | Significance | 


| 


When the mask bit is one, the exception 
results in an interruption. When the mask 
bit is zero, no interruption occurs. The 
setting of the exponent-underflow-mask bit 
or the Ssignificance—-mask bit also 
determines the Manner in which the 


operation is completed when the 
corresponding exception occurs. 

Instruction Address: Bits 40-63 form the 
instruction address. This address 


designates the location of the leftmost 


byte of the next instruction. 


The control registers provide a means for 
maintaining and manipulating control 
information that resides outside the PSW. 
There may be up to sixteen 32-bit control 
registers. 


One or more specific bit positions in 


control registers are assigned to each 
facility requiring such register space. 
When the facility is installed, the bits 


perform the defined control function. 


instruction loads control 

storage into control 
registers, whereas the STORE CONTROL 
instruction transfers information from 
control registers to storage. 


The LOAD CONTROL 
information from 


The instruction LOAD CONTROL causes all 
register positions, within those registers 
designated by the instruction, to be 
loaded. Information loaded into the 
control registers becomes active (that is, 
assumes control over the system) at the 
completion of the instruction causing the 
information to be loaded. 


At the time the registers are loaded, the 
information is not checked for exceptions, 
such as invalid translation-format code or 
an address designating an unavailable ora 
protected location. The validity of the 
information is checked and the exceptions, 
if any, are indicated at the time the 
information is used. 


When STORE CONTROL is executed, it returns 
the current value in each register 
position. Values corresponding to 
unassigned Or uninstalled register 
positions are unpredictable. 


Only the general structure of control 
registers is described here; a definition 
of the register positions appears with the 
description of the facility with which the 


register position is associated. The 
figure "Assignment of Control-Register 
Fields" shows the control-register 
positions which are assigned and the 


initial value of the field 


of reset. 


upon execution 


Programming Note 


To ensure that existing programs run if and 
when new facilities using additional 
control-register positions are installed, 
the program should load zeros in unassigned 
control-register positions. Although STORE 
CONTROL may provide zeros in the bit 
positions corresponding to unassigned 
register positions, the program should not 
depend on such zeros. It is permissible, 
however, for the program to load into the 
control registers, by LOAD CONTROL, any 
information previously stored by means of 
STORE CONTROL. 
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{Ctrl| | | {Initial | 
|Reg |Bits | Name of Field | Associated with {| Value | 
(---- +--+ - <== a -|--------—— nf nnn 
| O| OO |Block-multiplexing control |Block—pultiplexing channels| 0 { 
| ©O | #1 #4=%|SSM-suppressicn centrel |SET SYSTEM MASK | 0 | 
| O | 2 |TOD-clock-syne ccentrol | Multiprocessing [ 0 ( 
| O | 3 |[Low-address—protection control |Low-address protection | 0 [ 
| O | 4 |Extracticn-—authcrity ccentrel | Dual—address—space control | 0 | 
| ¢ | 5 |Secendary—space contrcel |Dual~address—space control | 0 [ 
| O | 8—-12|Translatiocn format [Dynamic address translaticn| 0 { 
| O | 16 |Malfunction—alert mask [Multiprocessing | 0 i 
{ © [| 17. |Emergency-signal mask [Multiprocessing | 0 i 
| 9 | 18 |External-call mask [Multiprocessing ( 0 | 
| O | 19 |TOD—clock—sync-—check mask [Multiprocessing ( 0 
| © | 20 |Clock-comparator mask [Clock comparator { 0 | 
{| O | 21 |CPU-timer mask ICPU timer | 0 | 
| O | 22 |Service-signal task |Service signal | 0 | 
| O | 24 |[Interval—-timer mask j|Interval timer | 1 | 
| O | 25 |Interrupt—key mask | Interrupt key | 1 | 
| O | 26 |External-signal mask {External signal | 1 | 
-----+-—- --+---------- Saneneeenninh sumbenennd an nnenn Suelmeenene | 
{| 1 | O-7 |Primary—segment—table length {Dynamic address translation| 0 [ 
| 1 | 8-25|Primary—segment—table origin [Dynamic addrees translaticn| 0 [ 
| 1] 31 |Space-switch-evert bit |Dual—address—space control | 0 | 
-—_-+-—- -_-+-____-_-_--_-_-___- -+—_--—__- Ot — 
| 2 1 0—31|Channel masks |Channels | 1 | 
Sn sr rr rn a rr rte —~ 
| 3 | 0-15([PSW-key mask |Dual—address—space control | 0 | 
| 3 |16—-31|Secondary ASN (Dual—address—space control | 0 | 
=== ee -—t-——---—+ 
| 4 | 0-15[Authorization index |Dual-address—space control | 0 | 
{| 4 |{16-31|Primary ASN |Dual—address—space control | 0 | 
|----+-—_-__-+-_---_____-__----—— <== —-+-—-—-——- 
i 5 | OO [Subsystem—linkage ccntrcl | Dual—address—space control | 0 | 
| 5 | 8-24|Linkage-—table origin |Dual—address—space control | 0 | 
| 5 |[25-31|Linkage-—takle length |Dual-address-—space control | 0 [ 
mm nr rr rr re rrr etter fpr ee eemramnal 
i 7 | 0-7 |Secondary-—segment—table length |Dual—addrees—space control | 0 | 
| 7 | 8—-25|Secondary—segment—table origin |Dual—-address—sepace control | 0 [ 
a rn pt rn nnn nan 
| 8 |{16—31|Monitor Masks {MONITOR CALL | 0 { 
-———_-}-—-—_ + _-_- canmeennetae Soe ac eee a 
| 9| #O |Successful—branching—event mask|Program—event recording | 0 | 
| 9{ 1 |Instructicn—fetching—-event mask|Program—event recording [ 0 | 
| 9 | 2 |Storage-alteration—event mask |Program—event recording [ 0 [ 
| 9 | 3 |GR-alteration—event mask |Progras-event recording [ 0 | 
| 9 |[16-31|PER general-—register masks | Program—event recording | 0 | 
Ht - - = ean mune = apeineatmeeeeeientmentins memneneenaens: | 
{ 10 | 8—31|PER starting address | Program—event recording | 0 | 
ree -+----—--—{ 
| 11 | 8-31[PER ending address | Program—event recording | 0 | 
a rn nr en rr rr re err a an Sates Seiten | 
114 | O |[Check-stop centrcl |Machine—check handling | 1 | 
{| 14 | 1 |Synchronous—MCEL ccntrcl |Machine—check handling [ 1 | 
| 14 | 2 |[I/0-extended-logcut ccntrol 11/0 extended logout { 0 [ 
| 14 | 4& |Recovery—refort mask |Machine—check handling | 0 | 
1} 14 | 5S |Degradation—repcrt mask | Machine—check handling | 0 { 
| 14 | 6 |External—damage-report mask |Machine—-check handling [ 1 I 
| 14 | 7 |Warning mask |Machine—check handling | 0 | 
{ 14 | 8 |ASynchronous—-MNCEL contrcl |Machine—check handling ( 0 | 
| 14 | 9 |Asynchronous-fixed-log control |Machine—check handling { 0 ( 
{| 14 | 12 |ASN—-translation contrel {Dual—address—space control | 0 [ 
| 14 |20-31|ASN-first—table crigin |Dual-address—space control | 0 I 
}-—--t+-——_-_-+-__-—__- a fn See eee ——— af 
{| 15 | 8—-2@|MCEL address | Machine—check handling } 5124 | 
{-—_-4—--+--___— ee nn Se ae aes Laren eee eee iat ea eel seal 
|Explanation: | 


| The fields not listed are unassigned. 
{| 2% Bit 22 is set to one, with all cther bits set to zeros, thus yielding a 
| decimal byte address of 512. 
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DAS TRACING 


Three DAS instructions optionally store 32 
bytes of information about the 
circumstances under which the instructions 
are executed. This action is called DAS 
tracing and is performed by placing 
information in a 32-byte block, called a 
trace entry, in an area called a trace 
table. DAS tracing assists in  problen 
determination for system and semiprivileged 
problems by providing an on-going record in 
storage of significant events. The trace 
table andthe location of the last-used 
entry are described by a control block 
called the trace-table-entry header. The 
origin of the header is specified in the 
word at location 84 (hex 54). These 
relationships are illustrated in the figure 
"DAS Tracing." 


of 
DAS-trace-control 


DAS tracing 
location 84, 


is controlled by bit 0 
called the 


bit. When the bit is one, a trace entry is 

made each time PROGRAM CALL (PC), PROGRAM 
TRANSFER (PT), and SET SECONDARY ASN (SSAR) 

are executed. 

Location 84 (hex 54) 
SSS ae 

1 | | Trace—table-—entry| | 

IAI///| header origin |000| 

t_1 eee ween eee 

0 | 31 A = 
8—byte | 

boundary | A = 


[ Trace—table—entry header 
| 


Rey: 


0: 
1: 


All locations associated with DAS tracing 
are treated as logical addresses whose 
handling depends on the DAT-mode and 
address-space-control bits of the PSW. For 
PROGRAM CALL and PROGRAM TRANSFER, the 
addresses are translated by using the old 
primary segment-table designation. For SET 
SECONDARY ASN, the addresses are translated 
by using either the old primary segment- 
table designation or the old secondary 
seg ment-table designation depending on 
whether PSW bit 16 specifies primary or 
secondary mode. 


Bits 8-27 of location 84 provide the origin 
of the three-word trace-table-entry header. 
Conceptually, the header defines a table of 
32-byte elements, called trace entries. 
The second and third words of the header 
designate, respectively, the beginning and 
end of this table. When DAS tracing is on, 
the first word of the header, called the 
current-entry control, is updated in 
conjunction with the execution of the 
instruction to be traced. The trace entry 
designated by the updated contents of the 
current-entry control is used to contain 
the trace information about the instruction 
being traced. Updating is interlocked to 
ensure that distinct entries are produced 
when a common table is used for tracing by 
two CPUs. 


Tracing off 


Tracing on 


ae ere ge Lege yaa Peg ey TERNS 5 Phe e ge TT a EE eT Ee Se Oe ees ae ee ae 
|Current—entry ctrl |First-—entry ctrl |Last—entry ctrl | 


__ -—___--_-_->- 1 _______, —___-_,-—_______-- 1 


0 32 


{First (or wrap) entry 


pee 


|Current entry 


| 


DAS Tracing 


; 

l 

— SS 
{| 


95 


Trace table (32—byte boundary) 


en 


SS . 


({ 


-—____- On el 
{Location after the last entry | 
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—— eee 


word of 
in advancing 
current-entry-control 
if the advanced value 

value in the last- 


Updating the current-entry-control 
the header normally consists 
the contents of the 
word by 32. However, 
equals or exceeds the 
entry-control word of the header, the 
contents of the first-entry-control word 
replaces the contents of the current-entry- 
control word. Thus, the dynamic filling of 
successive entries wraps from the last 
entry to the first entry, with no special 
recognition accorded this event. 

The references to the 
trace-table-entry 


location 84, to 
header, and to a trace 
entry for the purpose of DAS tracing are 
not subject to key-controlled protection. 
Low-address protection does apply, however, 
to the store into the current-entry-control 
word of the header and into a trace entry. 


The details of the trace-table-header 
origin, trace-table-entry header, and the 
trace entry are contained in the following 
section. 


TRACE-TABLE-ENTRY-HEADER ORIGIN 


The origin of the trace-table-entry header 


is contained in the word at location 84 
(hex 54). Location 84 is considered to be 
a logical address. Access to location 84 
for DAS tracing is not subject to 


key-controlled protection. The format of 


this word is: 





———. 


Wri ae eee ge pe ee gee pe eg = TOOT 
| | Trace—tabl e—entry—header | | 


| 

IAI///////\origin (logical) 1000 | 
i ee a oe, | 
0 1 8 29 31 


control) controls whether 
implicit tracing is performed for PC, PT, 
and SSAR. When this bit is zero, no 
tracing is performed during execution of 
these instructions. When the bit is one, a 
trace entry is made each time one of these 
instructions is executed. 


ET EY eee ine LS 


are reserved and should be zeros. 
ignored during implicit tracing. 


AST 
are 





Bits 8-28 (trace-table-entry-header 
origin), with three low-order zeros 
appended, constitute the logical address of 
a control block called the trace-table- 
entry header. When the address designates 
a location in the range 0-511 and both 
low-address protection and tracing are 
activated, a protection exception is 


recognized. 
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Bits 29-31 must be zeros; otherwise, a 
specification exception is recognized, and 
instruction execution is suppressed. 


TRACE-TABLE-ENTRY HEADER 


defines a 
One entry is 


The trace-table-entry header 
table of 32-byte entries. 
filled with information for each traced 
instruction. After updating, the first 
word of the header designates the entry 
into which information is placed about the 
current instruction. The second and third 
words of the header designate the beginning 
and end of the table. The format of the 
header is: 


ote ee ee ee ee a a eee 


|Current—entry| First—entry | Last—entry | 
|control | control | control | 
Ma a ne nin 
0 32 64 95 
Bits 0-31 (current-entry control) are 
updated to contain the origin of the trace- 
table entry used for the current 
instruction. 


To update the field, a 32-bit intermediate 
quantity called the next-entry designator 
is formed by the logical addition of 32 to 
the contents of bit positions 0-31, with 
overflow out of bit 0 ignored and lost. 
The next-entry designator is then logically 
compared with the contents of bits 64-95. 
The designator replaces the contents of 
bits 0-31 if the designator is less than 
the contents of the last-entry-control 
field. If the designator is equal to or 
greater than the contents of the last- 
entry-control field, then the contents of 
bits 32-63 replace the contents of bit 
positions 0-31. Instruction execution is 
suppressed and a specification exception is 
recognized if the new value of bits 27-31 
would not be zero. 


Bits 0-31 are replaced under an 
interlocked-for-update control. The field 
is not updated until it is determined that 
no exceptions will be encountered before 
the filling of the current trace entry is 
completed or before the current instruction 
is completed. 


The new contents of bits 8-26 (called the 
current-entry origin), with five zero bits 
appended on the right, constitute the 
logical address of the trace entry for the 


current instruction. For the purpose of 
determining the address of the current 
entry, the first word of the header has 


this format: 


aan sie eas cae | 
| { Current—entry | { 
\////////\ origin (logical) [00000| 
0 8 27 31 


The second andthird words of the header 


are used as follows: 


Bits 32-63 (first-entry control) replace 
the contents of bit positions 0-31 when the 
last-entry control disallows tracing in the 


location following the last-used trace 
entry. 

Bits 64-95 (last-entry control) are 
compared with a derived 32-bit quantity 
called the hext-entry designator. 
Depending on whether the desSignator is 
(1) less than, or (2) equal to or greater 
than bits 64-95, bits 0-31 are replaced 
under an interlocked-for-update control 
either by (1) the designator or (2) the 


contents of bit positions 32-63. 


Applicable Controls 


Key-controlled protection does not apply to 
references tothe fields of the header. 
Low-address protection does apply, however, 
to the store reference to update the first 
word of the header. The store reference is 
also monitored for a PER storage-alteration 


event. Change and reference recording are 
performed as usual. A serialization and 
checkpoint-synchronization function is 


performed before and after 
first word of the header. 


updating the 


word is changed 
interlocked-for- 


The current-entry-control 
under a word-concurrent 
update control. The fetches of the first- 
entry-control and last-entry words are 
word-concurrent and are made without regard 
to when the interlock on the current-entry- 
control word is established. 


During tracing, the fetches of the first- 


entry-control word and of the last-entry- 
control word that are performed in 
conjunction with updating the current 
entry-control word are not necessarily 
interlocked to prevent subsequent storing 
into these words by I/O or other CPUs. 
Programming Notes 

1. The last-entry-control word should be 


thought of as designating the location 
beyond the last entry inthe table. 
This is because an equal comparison 
with the last-entry-control value 
results in wrapping to the first 


entry. 


each word of 
set to zero; 


2. The high-order byte of 
the header should be 
otherwise, unexpected results can 
occur. This is because 32 bits 
participate in the comparison and 
replacement actions but only 24 bits 


are used to address the trace entry. 
Thus, a trace table may wrap from high 
Storage locations to low storage 
locations, and, depending on 


high-order bit values, not wrap to the 
intended beginning of the table. 


3. Because current trace information is 
placed in the location designated by 
the updated contents of current-entry- 
control word, the entry designated 
before updating occurs is not used 
initially, although it may 
subsequently be used if it is in the 
range of the table after wrapping. 


TRACE ENTRY 


A trace entry consists of 32 bytes 
beginning on a 32-byte boundary. The 
trace-entry address for the current 


instruction is formed from bits 8-26 of the 
updated current-entry-control word of the 
trace-table-entry-header table. It is 
treated as a logical address. Access to an 
entry is subject to low-address protection 


but is not subject to key-controlled 
protection. Store accesses are monitored 
for PER storage-alteration events, and 


change and reference recording is performed 
as usual. 


The store-type reference toa 
is not necessarily a 

reference. During the execution of an 
implicitly traced instruction, it nay 
appear to another CPU or to I/0 that an 
entry, or portions of an entry, are stored 


trace entry 
single-access 


more than once. The intermediate results 
observed may or may not correspond to the 
final results. All accesses are 


byte-concurrent. 


The format of an entry for the instructions 


PROGRAM CALL (PC), PROGRAM TRANSFER (PT), 
and SET SECONDARY ASN (SSAR) is’ shown in 
the figure "Trace-Entry Formats." 
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| Decimal (Hex) | Contents of Trace Entry | 
| Offsets within ee 
| Trace Entry | For PC | For PT | For SSAR | 
r-—- ——— ef ee ee ee eee 
| Bytes 0-1 |New PSW, bytes 0-—1|New PSW, bytes O0—-1|New PSW, bytes 0-1] 
{+—— th 
| Byte 2 | Hex 901 | Hex AO? | Hex BO! | 
FRR RE Se 
| Bytes 3-7 |New PSW, bytes 3-—7|New PSW, bytes 3—7|New PSW, bytes 3-7| 
1 i 
| Bytes 89 | New PASN | New PASN | PASN [ 
ee a ee 
| Bytes 10—11 (A—B) | New SASN | [ New SASN | 
- ———__________—__+—— 
{Bytes 12—13(C—D) | GR14 | Old PASN | 0 | 
SSS ee --—_—_—_____ —__——_1-—_ I 
[Bytes 14-15 (E—-F) | After | 0 | Old SASN | 
{+} pt tH 
[Bytes 16—19(10—13) | 0 { 0 | 0 | 
(te tt 
|Byte {Bits 0-1 | ILc2 | ILC2 | Iice | 
{20 [Bits 2-3 | cc | cc | cc | 
| (14) {Bits 4-7 | PM | PM [ PM | 

—_ $$$ eee eee ———n—nkn kk cS ef 
[Byte 21(15) | CPU Address3 | CPO Address? | CPU Address3 [ 
—_—_—— nnn | 
[Bytes 22-23 (16—17) [ 0 | 0 [ 0 | 
-—- ne SR SEE ee | 
[Bytes 24-27 (18—1B) | Operand 2 (PC #)*| 0 { 0 | 
[-  t 
[Bytes 28—31 (1C—1F) | TOD clock, | TOD clock, | TOD clock, 

| bytes 3-6 | bytes 3-6 [ bytes 3-6 


[td 
E 
pa 
= 
5 
fo) 
ct 
Ke) 
=) 


1 Byte 2 contains the entry-—type identifier value. This position is used to 
uniquely identify the type of event for which the entry is made. 


N 


Byte 20 (hex 14) contains the instruction—length count (ILC), condition code 
(CC), and program mask (PM) of the old PSW. The ILC is always binary 10, in 
cluding when the traced instruction is the target of an EXECUTE instruction. 


ul 


Byte 21, "CPU Address," is interpreted as the CPU address of the CPU which 
executed the instruction for which the trace entry is made. This quantity 
is obtained from logical location 795 (hex 31B). 


P 


Bytes 24-27 for the PC instruction, "Operand 2 (PC #)," contain 32 bits, 
consisting of eight high-order zero bits appended to the 24-bit effective 
address specified by the PROGRAM CALL instruction. The low-order 20 bits 
constitute the PC number. 


ee 


Trace—Entry Formats 
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PROGRAM-EVENT RECORDING designated storage area. 
e Alteration of the contents of the 
The purpose of the program-event-recording designated storage area. 
(PER) facility is to assist in debugging 
programs. It permits the program to be e Alteration of the contents of 
alerted to the following types of PER designated general registers. 
events; 
The program can selectively specify one or 
° Execution of a successful branch more of the above types of events to be 
instruction. monitored. The information concerning a 
PER event is provided to the program by 
° Fetching of an instruction from the means of a program interruption, with the 


cause of the interruption being identified 
in the interruption code. PER is. only 
available in the EC mode. 


CONTROL-REGISTER ALLOCATION 


The information for controlling PER resides 
in control registers 9, 10, and11 and 
consists of the following fields: 


Control Register 9: 





(ee re ee en ee ee a ee 
| EM | {Gen.—Reg. Masks | 
i ee. 3 ce re ee 


0 4 16 31 





Control Register 10: 


[ | Starting Address | 
ee re ke ernie ae ketene eee. | 


0 8 31 


Control Register 11: 


Ga ae Ne ee Ne a ee ee ee 
[ | Ending Address | 
a Ce ee | 


0 8 31 


PER-Event Masks (EM): Bits 
register 9 


0-3 of control 
specify which types of events 


are monitored. The bits are assigned as 
follows: 

Bit 0: Successful-branching event 

Bit 1: Instruction-fetching event 

Bit 2: Storage-alteration event 

Bit 3: General-register-alteration 


event 


Bits 0-3, when ones, specify that the 


corresponding types of events are 
monitored. When a bit is zero, the 
corresponding type of event is not 


monitored. 


PER General-Register Masks: Bits 16-31 of 
control register 9 specify which general 
registers are monitored for replacement of 


their contents. The 16 bits, in the 
sequence of ascending bit numbers, 
correspond one for one with the 16 
registers, in the sequence of ascending 


register numbers. When a bit is’ one, the 


associated register is monitored for 
replacement; if zero, the register is not 
monitored. 


PER Starting Address: Bits 8-31 of control 
register 10 are the address of the 
beginning of the monitored storage area. 





PER Ending Address: Bits 8-31 of control 
register 11 are the address of the end of 
the monitored storage area. 


Programming Note 


Models may operate at reduced performance 
while the CPU is enabled for PER events. 
To ensure that CPU performance is not 
degraded because of the operation of the 
PER facility, programs that do not use it 


should disable the facility by setting the 


PER mask in the EC~mode PSW to zero. No 
degradation due to PER occurs in the BC 
mode or when the PER mask in the EC-mode 
PSW is zero. Disabling of PER in the EC 
mode by means of the masks in control 
register 9 does not necessarily prevent 
performance degradation due to the 
facility. 

OPERATION 

PER is under control of bit 1 of the 


EC-mode PSW, the PER mask. When the mask 
is zero, no PER event can cause an 
interruption. When the mask is one, a 
monitored event, as specified by the 
contents of control registers 9, 10, and 
11, causes a program interruption. In BC 
mode, PER is disabled. 


An interruption due to a PER event is taken 
after the execution of the instruction 
responsible for the event. The occurrence 
of the event does not affect the execution 
of the instruction, which may be either 
completed, terminated, suppressed, or 
nullified. 


When the CPU is disabled for 
PER event at the time it occurs, either by 
the mask in the PSW or by the masks in 
control register 9, the event is not 
recognized. 


a particular 


A change to the PER mask in the PSW or to 
the PER control fields in control registers 
9, 10, and 11 affects PER starting with the 
execution of the very next instruction. If 
the CPU is enabled for some PER event but 
an instruction causes the CPU to be 
disabled for that particular event, the 
event causes a PER condition to be 
recognized if it occurs during the 
execution of the instruction. 


When LOAD PSW or SUPERVISOR CALL causes a 
PER condition and at the same time changes 
CPU operation from the EC mode to the BC 
mode, the PER interruption is taken with 
the old PSW specifying the BC mode and with 
the interruption code stored inthe old 
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PSW. The additional information 
identifying the PER condition is stored in 
its regular format at locations 150-155. 


PER applies to emulation instructions in 
the following way. Emulation instructions 
indicate all events that have occurred and 
may additionally indicate events that did 
not occur and were not called for in the 
instruction, provided monitoring was 
enabled for the type of event by the PER 
mask in the PSW and the PER-event nasks, 
bits 0-3 in control register 9. In such 
cases, the contents of the remaining 
positions in control registers 9, 10, and 
11 may be ignored. Thus, for example, an 
emulation instruction may cause 
general-register alteration to be indicated 
even though no general registers are 
altered and even though bits 16-31 of 
control register 9 are all zeros. 


Identification of Cause 








A program interruption for PER sets bit 8 
of the interruption code to one and places 
identifying information in storage 
locations 150-155. The format of the 
information stored at locations 150-155 is 
as follows: 


Locations 150-151: 


Ce ps ee 
| PC |000000000000| 
Sn | 


0 4 15 
Locations 152-155: 


}00000000| PER Address | 
eee eed 


0 8 31 


The event causing a PER interruption is 
identified by a one in one of bit positions 
0-3 of location 150, the PER code (PC), 
with the rest of the bits in the code set 
to zeros. The bit position in the PER code 
for a particular event is the same as the 
bit position for that event inthe PER 
event-mask field in control register 9. 


The PER address at locations 153-155 is the 
address of the instruction causing the 
event. When the instruction is executed by 
means of EXECUTE, the address of the 
location containing the EXECUTE instruction 
is placed in the PER-address field. In 
either case, the address of the instruction 
to be executed next is placed in the PSW. 
zeros are stored in bit positions 4-7 of 
location 150 and at locations 151 and 152. 
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Priority of Indication 


When a PER interruption occurs and more 
than one designated PER event has_ been 
recognized, all recognized PER events are 
concurrently indicated in the PER code. 
Additionally, if another progran 
interruption condition concurrently exists, 
the interruption code for a program 
interruption indicates both the PER 
condition and the other condition. 


Except as listed below, a PER event does 
not cause premature interruption of the 
interruptible instruction, and the PER 
condition is held pending until the 
completion of the instruction. 


e When the execution of an interruptible 
instruction is due to be interrupted 
by anI/O, external, or repressible 
machine-check condition, an 
interruption for a pending PER 
condition occurs first, and the I/O, 
external, or machine-check 
interruption is subsequently subject 
to the control of mask bits in the new 
PSW. 


e Similarly, when the CPU is placed in 
the stopped state during the execution 
of an interruptible instruction, an 
interruption for a pending PER 
condition occurs before the _ stopped 
state is entered. 


e When any program exception is 
encountered, the pending PER condition 
is indicated concurrently. 


e Depending on the model, in certain 
Situations, a PER condition may cause 
the execution of an interruptible 
instruction to be interrupted without 
an associated asynchronous condition 
or program exception. 


In the case of an instruction-fetching 
event for SUPERVISOR CALL, the PER 
interruption occurs immediately after the 
supervisor-call interruption. 


Programming Notes 


1. In the following cases, an instruction 
can both cause a program interruption 
for a PER event and change the value 
of masks controlling an interruption 
for PER events. The original nask 
values determine whether a program 
interruption takes place for the PER 
event. 


ae The instructions LOAD PSW, SET 
SYSTEM MASK, STORE THEN AND SYSTEM 


| 


MASK, and SUPERVISOR CALL can 
cause an instruction-fetching 
event and disable the CPU for PER 
interruptions. Additionally, 
STORE THEN AND SYSTEM MASK can 
cause a storage-alteration event 
to be indicated. In all these 
cases, the program old PSW 
associated with the program 


interruption for the PER event may 
indicate that the CPU was disabled 
for that type of PER event. 


b. An instruction-fetching event may 
be recognized during execution of 
a LOAD CONTROL instruction which 
also changed the value of the 
PER-event masks in control 
register 9 or the addresses in 
control registers 10 and 11 
controlling indication of 
instruction-fetching events. 


2. No instructions can both change the 
values of general-register-alteration 
masks and cause a general-register- 
alteration event to be recognized. 


3. When a PER interruption occurs during 
the execution of an interruptible 
instruction, the ILC indicates the 
length of that instruction or EXECUTE, 
as appropriate. When a PER 
interruption occurs asa result of 
LOAD PSW or SUPERVISOR CALL, the ILC 
indicates the length of these 
instructions or EXECUTE, as 
appropriate, unless a concurrent 
specification exception on LOAD PSW 
calls for an ILC of 0. 


4, When a PER interruption is caused by 
branching, the PER address identifies 
the branch instruction (or EXECUTE, as 
appropriate), whereas’ the old PSW 
points to the next instruction to be 
executed. When the interruption 
occurs during the execution of an 
interruptible instruction, the PER 
address and the instruction address in 
the old PSW are the sane. 


STORAGE-AREA DESIGNATION 


Two of the PER events--instruction fetching 
and storage alteration--involve the 
designation of an area in storage. The 
storage area monitored for the references 
starts at the location designated by the 
Starting address in control register 10 and 
extends up to and including the location 
designated by the ending address in control 
register 11. The area extends to the right 
of the starting address. 

event 


An instruction-fetching occurs 


whenever the first byte of an instruction 


or the first byte of the target of an 
EXECUTE instruction is fetched from the 
designated area. A storage-alteration 


event occurs when a store access is made to 
the designated area by using an operand 
address that is defined to bea logical or 
a virtual address. A storage-alteration 
event does not occur for a store access 
made with an operand address defined to be 
a real address. 


The set of addresses monitored for 
instruction-fetching and storage-alteration 
events wraps around at address 16,777,215; 


that is, address 0 is considered to follow 
address 16,777,215. When the starting 
address is less than the ending address, 


the area is contiguous. When the starting 
address iS greater than the ending address, 
the set of locations monitored includes the 
area from the starting address to address 
16,777,215 and the area from address 0 to, 
and including, the ending address. When 
the starting address is equal to the ending 
address, only the location designated by 
that address is monitored. 


The monitoring of storage alteration and 
instruction fetching is perf ormed by 
comparing all 24 bits of the monitored 
address with the starting and ending 
addresses. 
PER EVENTS 


Successful Branching 


Execution of a successful branch operation 
causes a program-event interruption if bit 
0 of the PER-event-mask field is’ one and 
the PER mask in the PSW is one. 

A successful branch occurs whenever one of 
the following instructions causes’ control 
to be passed to the instruction designated 
by the branch address: 


BRANCH 
BRANCH 
BRANCH 
BRANCH 


AND LINK 

AND SAVE 

ON CONDITION 

ON COUNT 

BRANCH ON INDEX HIGH 

BRANCH ON INDEX LOW OR EQUAL 
PROGRAM CALL 

PROGRAM TRANSFER 


The branch event iS also indicated by an 
emulation instruction when the emulation 
instruction itself causes a branch. That 
is, the branch event is indicated when the 
location of the next instruction executed 
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by the CPU after leaving emulation mode 
does not immediately follow the location of 
the emulation instruction. 


The event is indicated by 
the PER code to one. 


setting bit 0 of 


Instruction Fetching 


Fetching the first byte of an instruction 
from the storage area designated by the 
contents of control registers 10 and 11 
causes a program-event interruption if bit 
1 of the PER-event-mask field is one and 
the PER mask in the PSW is one. 


A PER event for instruction fetching is 


recognized whenever the CPU executes an 
instruction whose initial byte is located 
within the monitored area. When the 


instruction is executed by means of 
EXECUTE, a PER event is recognized when the 
first byte of the EXEFCUTE instruction or 
the target instruction or both is located 
in the monitored area. 


The event is indicated by 
the PER code to one. 


setting bit 1 of 


Storage Alteration 








Storing of data by the CPU in the storage 
area designated by the contents of control 
registers 10 and 11 causes a program-event 
interruption if bit 2 of the PER-event-nask 
field is one and the PER mask in the PSW is 
one. 


The contents of storage are considered to 
have been altered whenever the CPU executes 
an instruction that causes all or part of 
an operand to be stored within the 
monitored area of storage. Alteration is 
considered to take place whenever storing 
is considered to take place for purposes of 
indicating protection exceptions. (See the 
section "Recognition of Access Exceptions" 
in Chapter 6, “Interruptions.") Storing 
constitutes alteration for PER purposes 
even if the value stored is the same as the 
original value. 
Implied locations that are referred to by 
the CPU in the process of (1) interval- 
timer updating, (2) interruptions, and 
(3) execution of I/0 instructions are not 
monitored. Such locations include the 
interval-timer, PSW, and CSW locations. 
These locations, however, are monitored 
when information is stored there explicitly 
by an instruction. Similarly, monitoring 
does not apply to storing of data by a 
channel. 
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Storage alteration does not apply to 
instructions whose operands are specified 
to be real addresses. Thus, storage 


alteration does not apply to SET STORAGE 
KEY, RESET REFERENCE BIT, TEST BLOCK, and 
INVALIDATE PAGE TABLE ENTRY. When 
INVALIDATE PAGE TABLE ENTRY is installed, 
the operand address of READ DIRECT is a 
real address and storage alteration does 
not apply. When INVALIDATE PAGE TABLE 
ENTRY is not installed, the operand address 
of READ DIRECT is a logical address, and 
storage alteration does apply. 


The instructions COMPARE AND SWAP and 
COMPARE DOUBLE AND SWAP are considered to 
alter the second-operand location only when 
storing actually occurs. 


The instruction STORE CHARACTERS UNDER MASK 
is not considered to alter the storage 
location when the mask is zero. 


The event is indicated by 
the PER code to one. 


setting bit 2 of 


General~Register Alteration 


Alteration of the contents of a general 
register causes a PER interruption if bit 3 
of the PER-event-mask field is one, the 
alteration mask corresponding to that 
general register is one, and the PER mask 
in the PSW is one. 


The contents of a general register are 
considered to have been altered whenever a 
new value is placed in the register. 
Recognition of the event is not contingent 


on the new value being different from the 
previous one. The execution of an 
RR-format arithmetic or novement 


instruction is considered to fetch the 
contents of the register, perform the 
indicated operation, if any, and then 
replace the value in the register. The 
register can be designated implicitly, such 
as in TRANSLATE AND TEST and EDIT AND MARK, 
or explicitly by an RR, RX, or RS 
instruction, including BRANCH AND LINK, 
BRANCH ON COUNT, BRANCH ON INDEX HIGH, and 
BRANCH ON INDEX LOW OR EQUAL. 


The instructions EDIT AND MARK and 
TRANSLATE AND TEST are considered to have 
altered the contents of general register 1 
only when these instructions have caused 
information to be placed in the register. 


The instructions MOVE LONG and COMPARE 
LOGICAL LONG are always considered to alter 
the contents of the four registers 
specifying the two operands, including the 
cases where the padding byte is used, when 
both operands have zero length, or when 
condition code 3 is set for MOVE LONG. 


The instruction INSERT CHARACTERS UNDER 
MASK is not considered to alter the general 
register when the mask is zero. 


The instructions COMPARE AND SWAP and 
COMPARE DOUBLE AND SWAP are considered to 
alter the general register, or 
general-register pair, designated by R,, 
only when the contents are actually 
replaced, that is, when the first and 


second operands are not equal. 


The event is indicated by 
the PER code to one. 


setting bit 3 of 


Programming Note 


The following are some 
general-register alteration: 


examples of 


1. Register-to-register load instructions 
are considered to alter the register 
contents even when both operand 
addresses designate the same register. 


2. Addition or subtraction of zero and 
multiplication or division by one are 
considered to constitute alteration. 


3. Logical and fixed-point shift 
operations are considered to alter the 
register contents even for shift 
amounts of zero. 


4. The branching instructions BRANCH ON 
INDEX HIGH and BRANCH ON INDEX LOW OR 
EQUAL are considered to alter the 
first operand even when zero is added 
to its value. 


INDICATION OF EVENTS CONCURRENTLY WITH 
OTHER INTERRUPTION CONDITIONS 


The following rules govern the indication 
of PER events caused by an instruction that 
also causes a program exception, a monitor 
event, or a supervisor-call interruption. 


1. The indication of an instruction- 
fetching event does not depend on 
whether the execution of the 


instruction was completed, terminated, 
suppressed, or nullified. The event, 
however, is not indicated when an 
access exception prohibits access’ to 


the first byte of the instruction. 
When the first halfword of the 
instruction is accessible but an 


access exception applies to the second 
or third halfword of the instruction, 


it is unpredictable whether the 
instruction- fetching event is 
indicated. 


2. When the operation is 
event is indicated 
whether any program exception 
monitoring event is recognized. 


completed, the 
regardless of 
or the 


3. Successful branching, storage 
alteration, and general-register 
alteration are not indicated for an 


operation or, in case the instruction 


is interruptible, for a unit of 
operation that is suppressed or 
nullified. 


4. When the execution of the instruction 
is terminated, general-register or 
storage alteration is indicated 


whenever the event has occurred, and a 


model may indicate the event if the 
event would have occurred had the 
execution of the instruction been 
completed, even if altering the 


contents of the result field is 


contingent on operand values. 


5. When LOAD PSW or SUPERVISOR CALL 
causes a PER condition and at the same 


time introduces a new PSW with the 
type of PSW-format error that is 
recognized immediately after the PS® 


becomes active, the 
identifies both the 
the specification 
these instructions introduce a 
PSW-format error of the type that is 
recognized as part of the execution of 
the following instruction, the PSW is 
stored as the old PSW without the 
specification exception being 
recognized. 


interruption code 
PER condition and 
exception. When 


The indication of PER events concurrently 
with other program-interruption conditions 
is summarized in the figure "Indication of 
PER Events." 
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Indication of PER Events (Part 1 of 2) 
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ff -- . ee eee ae ee SS ON ee ge oy ee 
Explanation: 

C The operation or, in the case of the interruptible 
instructions, the unit of operation is completed. 

N The operation or, in the case of the interruptible 
instructions, the unit of operation is nullified. The 
instruction address in the old PSW has not been updated. 

S The operation or, in the case of the interruptible 
instructions, the unit of operation is suppressed. 

7 The execution of the instruction is terminated. 

»¢ The event is indicated with the exception if the event 
has occurred; that is, the contents of the monitored 
storage location or general register were altered, or an 
attempt was made to execute an instruction whose first 
byte is located in the monitored area. 

+ A model is permitted, but not required, to indicate the 


event if the event would have occurred had the operation 
been completed but did not take place because the execu— 
tion of the instruction was terminated. 


The event is not indicated. 


When an access exception applies to the second or third 
halfword of the instruction but the first halfword is 
accessible, it is unpredictable whether the instruction— 
fetching event is indicated. 


This condition may occur in the case of the interrupt— 
ible instructions when the event is recognized in the 
unit of operation that is completed and when the excep— 
tion causes the next unit of operation to be suppressed 
or nullified. 


Indication of PER Events (Part 2 of 2) 


Programming Notes 


1. 


initial execution or a resumption. 


b. The general-register-alteration 
The execution of the interruptible event is indicated on the initial 
instructions MOVE LONG (MVCL) and execution and on each resumption 
COMPARE LOGICAL LONG (CLCL) can cause and does not depend on whether or 
events for qeneral-register alteration not the register actually is 
and instruction fetching. changed. 
Additionally, MVCL can cause the 
storage-alteration event. c. The storage-alteration event is 
indicated only when data has been 
Since the execution of MVYCL and CLCL stored in the monitored area by 
can be interrupted, a program event the portion of the operation 
may be indicated more than once. It starting with the last initiation 
may be necessary, therefore, for a and ending with the last byte 
program to remove the redundant event transferred bef ore the 
indications from the PER data. The interruption. No special 
following rules govern the indication indication is provided on 
of the applicable events during premature interruptions as to 
execution of these two instructions: whether the event will occur again 
upon the resumption of the 
a. The instruction-fetching event is operation. When the storage area 


indicated whenever the instruction 


designates a single byte location, 


is fetched for execution, a storage-alteration event can be 
regardless of whether it is the recognized only once in the 
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execution of MOVE LONG. 


2. The following is an outline of the 
general action a program must take to 
delete the redundant entries in the 
PER data for MOVE LONG and COMPARE 
LOGICAL LONG so that only one entry 
for each complete execution of the 
instruction is obtained: 


a. Check to see if the PER address is 
equal to the instruction address 
in the old PSW and if the last 
instruction executed was MYCL or 
CLCL. 


b. If both conditions are met, delete 
instruction- fetching and 
register-alteration events. 


c. If both conditions are met and the 
event is storage alteration, 
delete the event if some part of 
the remaining destination operand 
is within the monitored area. 


DIRECT CONTROL 


The direct-control feature provides (1) a 
read-write-direct facility, consisting of 
the two instructions READ DIRECT and WRITE 
DIRECT and an associated 27-line interface, 
and (2) an external-signal facility with 
six signal-in lines. These facilities 
operate independent of the facilities that 
perform I/O operations. 


READ-WRITE-DIRECT FACILITY 


The READ DIRECT and WRITE DIRECT 
instructions use the 27-line interface to 
provide timing signals and to transfer a 
Single byte of information, normally for 
controlling and synchronizing purposes, 
between CPUS or between a CPU and an 
external device. The 27 lines are: 





Number 

Name of Lines Direction 
Write out 1 Output 
Read out 1 Output 
Hold 1 Input 
Signal out 8 Output 
Direct out 8 Output 
Direct in 8 Input 
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EXTERNAL-SIGNAL FACILITY 


The external-signal facility consists of 
six signal-in lines and an external-signal 
mask, which is bit 26 of control register 
0. Each of the six signal-in lines, when 
pulsed, sets up the condition for. one of 
six distinct interruptions (see the section 


"External Signal" in Chapter 6, 
"Tnterruptions") . 
Note: Some models provide the 


external-signal facility as a 
feature (without the READ 
DIRECT instructions) . 


separate 
DIRECT and WRITE 


For a detailed description, see the 
System/360 and System/370 Direct Control 


and External Interruption 
inal Equipment 
GA22-6845. 


Features--Orig- 
Manufacturers’ Information, 


TIMING 


The timing facilities include four 
facilities for measuring time: the TOD 
clock, the clock comparator, the CPU timer, 
and the interval timer. 

In a multiprocessing system, a single TOD 
clock may be shared by more than one CPU, 
or each CPU may have a separate TOD clock. 
However, each CPU has a_e separate clock 
comparator, CPU timer, and interval timer. 


TIME-OF-DAY CLOCK 


(TOD) clock provides a 
measure of real time 
suitable for the indication of date and 
time of day. The cycle of the clock is 
approximately 143 years. 


The time-of-day 
high-resolution 


In a configuration with more than one CPU, 
each CPU may have a separate TOD clock, or 
more than one CPU may share ae clock, 
depending on the model. In all cases, each 
CPU has access to a single clock. 


Format 


The TOD clock is a binary counter with the 
format shown in the following illustration. 
The bit positions of the clock are numbered 
0 to 63, corresponding to the bit positions 
of a 64-bit unsigned binary integer. 


J 


r—— 1 microsecond 
v 
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In the basic forn, the TOD clock is 
incremented by adding a one in bit position 
51 every microsecond. In models having a 
higher or lower resolution, a different bit 
position iS incremented at such a frequency 
that the rate of advancing the clock is the 
same as if a one were added in bit position 
51 every microsecond. The resolution of 
the TOD clock is such that the incrementing 
rate is comparable to the 
instruction-execution rate of the model. 


When more than one TOD clock exists ina 
configured system, the stepping rates are 
synchronized such that all TOD clocks in 
the configuration are incremented at 
exactly the same rate. 


When incrementing of the clock causes a 
carry to be propagated out of bit position 
0, the carry is ignored, and counting 
continues from zero on. The program is not 
alerted, and no interruption condition is 
generated as a result of the overflow. 


The operation of the clock is not affected 
by any normal activity or event in the 
system. Incrementing of the clock does not 
depend on whether the wait-state bit of the 
PSW is one or whether the CPU is in the 
stopped, operating, or load state. Its 
operation is not affected by CPU, 
initial-CPU, program, initial-program, or 
clear resets or by initial program loading. 
Operation of the clock is also not affected 
by the setting of the rate control or by an 
initial-microprogram-loading operation. 
Depending on the model and the 
configuration, a TOD clock may or may not 
be powered independent of a CPU that 
accesses it. 


States 


The following states are distinguished for 
the TOD clock: set, not set, stopped, 
error, and not operational. The state 
determines the condition code set by 
execution of STORE CLOCK. The clock is 
incremented, andis said to be running, 
when it is in either the set state or the 
not-set state. 


Not-Set State: When the power for the 
clock is turned on, the clock is set to 
zero, and the clock enters the not-set 


incremented when in 
Incrementing begins at 


state. The clock is 
the not-set state. 
zero. 


When the clock is in the not-set state, 
execution of STORE CLOCK causes condition 
code 1 to be set and the current value of 
the running clock to be stored. 


Stopped State: The clock enters’ the 
stopped state when SET CLOCK is executed on 
a CPU accessing that clock and the clock is 
set. This occurs when SET CLOCK is 
executed without encountering any 
exceptions and any manual TOD-clock control 
in the configuration is set to the 
enable-set position. The clock can be 
placed in the stopped state from the set, 
not-set, and error states. The clock is 
not incremented while in the stopped state. 


When the clock is in the stopped. state, 
execution of STORE CLOCK on a CPU accessing 
that clock causes condition code 3. to be 
set and the value of the stopped clock to 
be stored. 


Set State: The clock enters the set state 
only from the stopped state. The change of 
state is under control of the TOD-clock- 
sync-control bit, bit 2 of control register 
0, in the CPU which caused that clock to 
enter the stopped state. When the bit is 
zero, or the TOD-clock-synchronization 
facility is not installed, that clock 
enters the set state at the completion of 
execution of SET CLOCK. When the bit is 
one, it remains in the stopped state until 
either the bit is set to zero on the CPU 
that placed that clock in the stopped 
state, or until any other clock in the 
configured system is incremented to a value 
of all zeros in bit positions 32-63. If 
any clock is set to a value of all zeros in 
bit positions 32-63 and enters the set 
state as the result of a signal from 
another clock, the updating of bits 32-63 
of the two clocks is in synchronisn. 


Incrementing of the clock begins with the 
first stepping pulse after the clock enters 
the set state. 


When the clock is in the set 
execution of STORE CLOCK causes condition 
code 0 to be set and the current value of 
the running clock to be stored. 


state, 


Error State: The clock enters the error 
state when a malfunction is detected that 
is likely to have affected the validity of 
the clock value. A timing-facility-damage 
machine-check-interruption condition is 
generated on each CPU which has access to 
that clock whenever it enters the error 
state. 





When STORE CLOCK is executed and the clock 
accessed is inthe error state, condition 
code 2 is set, and the value stored is 
unpredictable. 
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Not-Operational State: The clock is in the 
not-operational state when its power is off 
or when it is disabled for maintenance. It 


depends on the model if the clock can be 
placed in this state. Whenever the clock 
enters the not-operational state, a 


check is 
access to 


timing-facility-damage machine 
generated on each CPU that has 
that clock. 


When the clock is in the not-operational 
State, execution of STORE CLOCK causes 
condition code 3 to be set, and zero is 
stored. 

Changes in Clock State 


When the TOD clock accessed by a CPU 
changes value or changes state, 
interruption conditions pending for the 


TOD-clock sync check, clock comparator, and 
CPU timer may or may not be recognized for 
a period of time up to 1.048576 seconds 
(229 microseconds) after the change. 


Setting and Inspecting the Clock 


The clock can be set to a specific value by 
execution of SET CLOCK if the manual 
TOD-clock control of any configured CPU is 
set to the enable-set position. Setting 
the clock replaces the values in all bit 
positions from bit position 0 through the 
rightmost position that is incremented when 


the clock is running. However, on some 
models, the low-order bits starting at or 
to the right of bit 52 of the specified 


value are ignored, and zeros are placed in 
the corresponding positions of the clock. 


The TOD clock can be inspected by executing 
STORE CLOCK, which causes a 64-bit value to 
be stored. Two executions of STORE CLOCK, 


possibly on different CPUs in the same 
configuration, always store different 
values if the clock is running, or, if 


separate clocks are accessed, both clocks 
are running and are synchronized. 
running clock 


The values stored for a 


always correctly imply the sequence of 
execution of STORE CLOCK on one or more 
CPUs for all cases where the sequence can 
be established by means of the progran. 
zeros are stored in positions to the right 
of the bit position that is incremented. 


more than one CPU, 
of a running clock 
may be stored in 
of the rightmost 
This ensures 


In a configuration with 
however, when the value 
is stored, nonzero values 
positions to the right 
position that is incremented. 
that a unique value is stored. 
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In a system where more than one CPJ 
accesses the same clock, SET CLOCK is 
interlocked such that the entire contents 
appear to be updated at once; that is, if 
SET CLOCK instructions are issued 
Simultaneously by two CPUs, the final 
result is either one or the other value. 
If SET CLOCK is issued on one CPU and STORE 
CLOCK on the other, the result obtained by 
STORE CLOCK is either the entire old value 
or the entire new value. When SET CLOCK is 
issued by one CPU, a STORE CLOCK issued on 
another CPU may find the clock in the 
stopped state even when the TOD-clock-sync- 
control bit is zero. The TOD-clock-sync- 
control bit is bit 2 of control register 0. 
Since the clock enters the set state before 
incrementing, the first STORE CLOCK issued 
after the clock enters the set state may 
still find the original value introduced by 
SET CLOCK. 


Programming Notes. 





clock is 
seconds; 


1. Bit position 31 of the 
incremented every 1.048576 
for some applications, reference’ to 
the leftmost 32 bits of the clock may 
provide sufficient resolution. 


2. Communication between systems is 
facilitated by establishing a standard 
time origin, or standard epoch, which 
is the calendar date and time to which 
a clock value of zero corresponds. 
January 1, 1900, 0 AM Greenwich Mean 
Time (GMT) is recommended as the 
standard epoch for the clock. 


3. A program using the clock value asa 


time-of-day and calendar indication 
must be consistent with the 
programming support under which the 


program is to run. If the programming 
support uses the standard epoch, bit 0 
of the clock remains one through the 
years 1972-2041. Ordinarily, testing 
the high-order bit for a one is 
sufficient to determine if the clock 
value is in the standard epoch. 


In converting to or from the current 
date or time, the programming support 
assumes each day to be 86,400 seconds. 
It does not take into account “leap 
seconds" inserted or deleted because 
of time-correction standards. 


4. Because 
manually setting the 
rightmost bit positions 
expressing fractions of a second, are 
normally not valid as indications of 
the time of day. However, they permit 
elapsed-tine measurements of high 
resolution. 


of the limited accuracy of 
clock value, the 
of the clock, 


The following chart shows the tine 
interval between instants at which 
various bit positions of the TOD clock 
are stepped. This time value may also 


be considered as the weighted time 
value that the bit, when one, 
represents. 


[ewe re ee ra fe ey a ee Oe ee ee eg ae ee 
| TOD— | Stepping Interval | 


|Clock #——+-—+—- 


| Bit |Days|Hours[Minutes| Seconds | 
}-—_———__+-—__—__- --—_____________—_+j 
| 51 | 0.000 001 
| 47 | 0.000 016] 
| 43 | 0.000 256] 
l | i 
| 39 | 0.004 096] 
| 35 | 0.065 536 
| 31 | 1.048 576| 
[ [ | 
{| 27 | 16.777 216] 
| 23 | 4 28.435 456| 
} 19 | 1 11 34.967 296| 
[ | | 
| 15 | 19 5 19.476 736| 
} 174 #| 12 #17 25 11.627 776| 
| 7 | 203 14 43 6.044 416| 
| 3 |3257 19 29 36.710 656| 
a ee 


The following chart shows the clock 
setting at the start of various years. 
The clock settings, expressed in 
hexadecimal notation, correspond to 
O AM Greenwich Mean Time on January 1 
of each year. 


a, ea ye ea ee Ee a eee es yd 
| Year | Clock Setting (Hex) | 
Saran, 


1 1900 | 0000 0000 0000 0000 | 
| 1976 | 8853 BAFO B4YO0O 0000 | 
| 1980 | 8F80 9FD3 2200 0000 | 
| 1984 | 96AD 84B5 9000 0000 | 
| 1988 | 9DDA 6997 FEOO 0000 | 
| 1992 | A507 4E7A 6C00 0000 | 
{ 1996 | AC34 335c DAOO 0000 | 
{ 2000 | B361 183F 4800 0000 | 


The stepping value of TOD-clock bit 


position 63, if implemented, is 2-12 
microseconds, or approximately 244 
picoseconds. This value is called a 


clock unit. 


The following chart shows various time 
intervals in clock units expressed in 
hexadecimal notation. 


er 


| Interval | Clock Units (Hex) | 
[4 
| 1 microsecond | 1000 | 
| 1 millisecond | 3E 8000 | 
1 1 second | F424 0000 | 
1 1 minute | 39 3870 0000 | 
{ 1 hour | D69 3A40 0000 |{ 
1 1 day | 1 41DD 7600 0000 | 
| 365 days | 1CA E8C1 3E00 0000 | 
| 366 days | 1CC 2A9E B4OO OON0O0D | 
[ [ | 


1,461 days! 72C EYWE2 6E00 0000 
|-______-___________t—_—________—____—____________| 
11 Number of days in four years, | 


| including a leap year. [ 
(Eee 


8. On a multiprocessing system, after the 
TOD clock is set and begins running, 
the program should delay activity for 
229 microseconds (1.048576 seconds) to 


ensure that the CPU-tiner, 
clock-comparator, and TOD-clock-sync- 
check interruption conditions are 


recognized by the CPU. 


TOD-CLOCK SYNCHRONIZATION 


In a configuration with 
each CPU may have a separate TOD clock, or 
more than one CPU may share a_ TOD clock, 
depending on the model. In all cases, each 
CPU has access to a single clock. 


more than one CPU, 


The TOD-clock-synchronization facility 
provides the functions that make it 
possible to provide, in conjunction with a 
supervisor clock-synchronization program, 
only one TOD clock, in effect, in a 
multiprocessing system. The result is such 
that, to all programs storing the’ clock 
value, it appears that allcCPUS read the 
same clock. The TOD-clock-synchronization 
facility provides these functions in such a 
way that even though the number of clocks 
in a multiprocessing systen is 
model-dependent, a single model-inde pendent 
clock-synchronization routine can be 
written. The following functions are 
provided: 

e Synchronizing the stepping rates for 
all TOD clocks in the configuration. 
Thus, if all clocks are set to the 
Same value, they stay in synchronisn. 


e Comparing the 
each clock 


rightmost 32 bits of 
in the configuration. An 
unequal condition is signaled by an 
external interruption indicating the 
TOD-clock-sync-check condition. 


e Setting a TOD clock inthe stopped 
state. 
e Causing a_e stopped clock to start 
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incrementing in response to a signal 
from a running clock. 
e Causing a stopped clock, with the 


TOD-clock-sync-control bit set to one, 
to start incrementing when bits 32-63 
of any running clock in the 
configuration are incremented to zero. 
This permits the program to 
synchronize all clocks to any 
particular clock without requiring 
special operator action to select a 
“master clock" as the source of the 
clock-synchronization pulses. 


Programming Notes 


1. TOD-clock synchronization provides for 
checking and synchronizing only the 
rightmost bits of the TOD clock. The 
program must check for synchronization 


of the leftmost bits and must 
communicate the leftmost-bit values 
from one CPU to another in order to 


correctly set the TOD-clock contents. 


2. The TOD-clock-sync-check external 
interruption can be used to determine 
the number of TOD Clocks in the 
configuration. 


CLOCK COMPARATOR 


The clock comparator provides a means of 
causing an interruption when the TOD-clock 
value exceeds a value specified by the 
program. 


In a multiprocessing system, each CPU has a 
separate clock comparator. 


The clock comparator has the same format as 
the TOD clock. In the basic form, the 
clock comparator consists of bits 0-47, 
which are compared with the corresponding 
bits of the TOD clock. In some models, 
higher resolution is obtained by providing 
more than 48 bits. The bits in positions 
provided in the clock comparator are 
compared with the corresponding bits of the 
clock. When the resolution of the clock is 
less than that of the clock comparator, the 
contents of the clock comparator are 
compared with the clock value as this value 
would be stored by executing STORE CLOCK. 


The clock comparator causes an external 
interruption with the interruption code 
1004 (hex). A request for a 
clock-comparator interruption exists 


whenever either of the following conditions 
exists: 
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1. The TOD clock is running and the value 
of the clock comparator is less than 
the value in the compared portion of 
the clock, both values being 
considered unsigned binary integers. 
Comparison follows the rules of 
unsigned binary arithmetic. 


2. The TOD clock is in the error state or 
the not-operational state. 


A request for a clock-comparator 
interruption does not remain pending when 
the value of the clock comparator is made 
equal to or greater than that of the TOD 
clock or when the value of the TOD clock is 
made less than the clock-comparator value. 
The latter may occur as a result of the TOD 
clock either being set or wrapping to zero. 


The clock comparator can be inspected by 
executing the instruction STORE CLOCK 
COMPARATOR and can be set toa_e specific 


value by executing the SET CLOCK COMPARATOR 
instruction. 


The contents of the clock comparator are 
initialized to zero by initial CPU reset. 


Programming Notes 


1. An interruption request for the clock 
comparator persists as long as_ the 
Cclock-comparator value is less’ than 
that of the TOD clock oras long as 
the TOD clock is in the error or 
not-operational state. Therefore, one 
of the following actions must be taken 
after an external interruption for the 
clock comparator has occurred and 
before the CPU is again enabled for 
external interruptions: the value of 
the clock comparator has to be 
replaced, the TOD clock has to be set, 
or the clock-comparator-subclass mask 
has to be set to zero. Otherwise, 
loops of external interruptions are 
formed. 


2. The instruction STORE CLOCK may store 
a value which is greater than that in 
the clock comparator, even though the 
CPU is enabled for the 
clock-comparator interruption. This 
is because the _ TOD clock may be 
incremented one or more times between 
when instruction execution is begun 
and when the clock value is accessed. 
In this situation, the interruption 
occurs when the execution of STORE 
CLOCK is completed. 


CPU TIMER 


means for 
and for causing 
a prespecified amount 


The CPU timer provides a 
measuring elapsed CPU time 
an interruption when 
of time has elapsed. 


In a multiprocessing system, each CPU has a 
separate CPU timer. 


The CPU timer is a binary counter with a 
format which is the same as that of the TOD 
clock, except that bit 0 is considered a 
Sign. In the basic form, the CPU timer is 
decremented by subtracting a one in bit 
position 51 every microsecond. In nodels 
having a higher or lower resolution, a 
different bit position is decremented at 
such a frequency that the rate of 
decrementing the CPU timer is the same as 
if a one were subtracted in bit position 51 
every microsecond. The resclution of the 
CPU timer is such that the stepping rate is 
comparable to the instruction-execution 
rate of the model. 


The CPU timer requests an external 
interruption with the interruption code 
1005 (hex) whenever the CPU-timer value is 
negative (bit 0 of the CPU timer is one). 
The request does not remain pending when 
the CPU-timer value is changed to a 
nonnegative value. 


When both the CPU timer and the TOD clock 
are running, the stepping rates are 
synchronized such that both are stepped at 
the same rate. Normally, decrementing the 
CPU timer is not affected by concurrent I/0 
activity. However, in some models the CPO 
timer may stop during extreme I/0 activity 
and other similar interference situations. 
In these cases, the time recorded by the 
CPU timer provides a more accurate measure 
of the CPU time used by the program than 
would have been recorded had the CPU timer 
continued to step. 


The CPU timer is decremented when the CPU 
is in the operating state or the load 
state. When the manual rate control is set 
to instruction step, the CPU timer is 
decremented only during the time in which 
the CPU is actually performing a unit of 
operation. However, depending on the 
model, the CPU timer may or may not be 
decremented when the TOD clock is in the 
error, stopped, or not-operational state. 


Depending on the model, the CPU timer may 
or may not be decremented when the CPU is 
in the check-stop state. 


The CPU timer can be inspected by executing 
the instruction STORE CP0 TIMER and can be 
set to a specific value by executing the 
SET CPU TIMER instruction. 


The CPU timer is set to zero by initial CPU 
reset. 


Programming Notes 


1. The CPU) timer in association with a 
program may be used both to measure 
CPU-execution time and to signal the 
end of a time interval on the CPO. 


2. The time measured for the execution of 
a sequence of instructions may depend 
on the effects of such things as I/0 
interference, page faults, and 
instruction retry. Hence, repeated 
measurements of the same sequence on 
the same installation may differ. 


3. The fact that a CPU-timer interruption 
does not remain pending when the CPU 
timer is set to ae positive value 
eliminates the problem of an undesired 
interruption. This would occur if, 
between the time when the old value is 
stored and a new value is set, the CPU 
is disabled for CPpu-timner 
interruptions and the CPU timer value 
goes from positive to negative. 


YW. The fact that CPU-timer interruptions 
are requested whenever the CPU timer 
is negative (rather than just when the 
CPU. timer goes fron positive to 
negative) eliminates the requirement 
for testing a value to ensure that it 
is positive before setting the CPU 
timer to that value. 


As an example, a program being timed 
by the CPU timer is interrupted for a 


cause other than the Cpu. timer, 
external interruptions are disallowed 
by the new PSW, and the cCPpU-timer 
value is then saved by STORE CPU 


TIMER. This value could be negative 
if the CPU timer went from positive to 
negative since the interruption. 
Subsequently, when the program being 
timed is to continue, the CPU. timer 
may be set to the saved value by SET 
CPU TIMER. A CPU0-timer interruption 
occurs immediately after external 
interruptions are again enabled if the 
Saved value was negative. 


The persistence of the CPU-timer- 
interruption request means, however, 
that after an external interruption 
for the CPU timer has occurred, either 
the value of the CPU timer has’ to be 
replaced or the CPU-timer-subclass 
mask has to be set to zero before the 
CPU is again enabled for external 
interruptions. Otherwise, loops of 
external interruptions are formed. 
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5. The instruction STORE CPU TIMER may 
store a negative value even though the 
CPU is enabied for the interruption. 
This is because the CPU-timer value 
may be decremented one or more times 
between the instants when instruction 
execution is begun and when the CPU 
timer is accessed. In this situation, 
the interruption occurs when the 
execution of STORE CPU TIMER is 
completed. 


INTERVAL TIMER 


The interval timer is a binary counter that 
occupies a word at real storage location 80 
and has the following format: 


oe oe ee ee eae Se, I ee ee 
ISI | [ 
Ce i ec rel 
0 24 31 


The interval timer is treated as a 32-bit 
Signed binary integer. In the basic forn, 
the contents of the interval timer are 
reduced by one in bit position 23 every 
1/300 of a second. Higher resolution of 
timing may be obtained in some models by 
counting with higher frequency in one of 
the positions 24 through 31. In each case, 
the frequency is adjusted to cause 
decrementing in bit poSition 23 at the rate 
of 300 times per second. The cycle of the 
interval timer is approximately 15.5 hours. 


The interval timer causes an external 
interruption, with bit 8 of the 
interruption code set to one and bits 0-7 
set to zeros. Bits 9-15 of the 
interruption code are zeros unless’ set to 


ones for another condition that is 
concurrently indicated. 


A request for an interval-timer 
interruption is generated whenever the 
interval-timer value is decremented from a 
positive or zero number to a negative 
number. The request is preserved and 
remains pending in the CPU until it is 
cleared by an interval-timer interruption 
or a CPU reset. The overflow occurring as 
the interval-timer value is decremented 


from a large negative number toa large 
positive number is ignored. 
The interval timer is not necessarily 


synchronized with the TOD clock. 


The interval-timer contents are updated at 
the appropriate frequency whenever other 
machine activity permits. The updating 
occurs only between instruction executions, 


except that the interval timer may be 
updated between units of operation of an 
interruptible instruction, such as MOVE 
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LONG. An updated interval-timer value is 
normally available at the end of each 
instruction execution. When the execution 
of an instruction or other machine activity 
causes updating to be delayed by more than 
one period, the contents of the interval 
timer may be reduced by more than one wit 
in a single updating cycle. Interval-timer 


updating may be omitted when I/0 data 
transmission approaches the limit of 
storage capability, or when a channel 


Sharing CPU equipment and operating in 
burst mode causes CPU activity to be locked 
out. The program is not alerted when 
omission of updating causes the real-time 
count to be lost. 


When the contents of the interval timer are 
fetched by a channel or by another CPU, or 
when they are used as the source of an 
instruction, the result is unpredictable. 
Similarly, storing by the channel, or by 
another CPU, at location 80 causes’ the 
contents of the interval timer to be 
unpredictable. 


The interval timer is not decremented when 
the manual interval-timer control is set to 
disable. The interval timer is also not 
decremented when the CPU is not in the 
operating state or when the manual _ rate 
control is set to instruction step. 


Depending on the model, the interval timer 
May or may not be decremented when the TOD 
clock is in the error, stopped, or 
not-operational state. 


When the TOD clock accessed by a CPU is set 
or changes’ state, interruption conditions 
pending for the interval timer may oor may 
not be recognized for a period of time up 
to 1.048576 seconds after the change. 


Programming Notes 


interval timer is 
fetching the word at 
an operand, provided 
the location is not protected against 
fetching. It may be changed at any 
time by storing a word at location 80. 
When location 80 is protected, any 
attempt by the program to change the 


1. The value of the 
accessible by 
location 80 as 


value of the interval timer causes a 
program interruption for protection 
exception. 


2. The value of the interval timer may be 
changed without losing the real-time 
count by storing the new value at 
locations 84-87 and then shifting 
bytes 80-87 to locations 76-83 by 
means of the instruction MOVE (MVC). 
Thus, in a Single operation, the new 
interval-timer value is placed at 
location 80, and the old value is made 


C 


available at location 76. 


If any means other than the 
instruction MOVE (MYC) are used to 
interrogate and then replace the value 
of the interval timer, including MOVE 
LONG or two separate instructions, the 
program may lose a time increment when 


an updating cycle occurs between 
fetching and storing. 

Location 84 is used as the trace- 
table-entry-header origin by DAS 
tracing. If the above means’ for 
updating the interval timer are used 
in a system which also uses the DAS 


tracing, then the program must restore 
the contents of the word at location 
84 after updating the interval timer. 


3. When the value of the interval timer 
is to be recorded onan I/O device, 
the program should first store the 
interval-timer value in a temporary 
storage location to which the I/0 
operation subsequently refers. When 
the channel fetches the interval-tiner 








value directly from location 80, the 

value obtained is unpredictable. 
EXTERNALLY INITIATED FUNCTIONS 
SERVICE SIGNAL 
The service-signal facility permits the 
service processor to communicate with the 
CPU. Communications to the service 
processor are model~dependent and are 
accomplished by means of the DIAGNOSE 
instruction. When the service processor 
has completed all oor part of a_ function 
requested by means of the DIAGNOSE 
instruction, a service-signal external 
interruption is generated. The 


service-signal external interruption is a 
floating interruption condition and can be 
accepted by any CPU in the configuration. 
The service-signal request causes an 
external interruption with the interruption 
code 2401 (hex). A 32-bit parameter is 
also stored at location 128. The subclass 
mask for service signal is bit 22 of 
control register 0. 


RESETS 


Seven reset functions are provided: 
e CPU reset 


e Initial CPU reset 


e Subsystem reset 

e Program reset 

e Initial program reset 
e Clear reset 

e Power-on reset 


CPU reset provides a means of clearing 
equi pment-check indications and any 
resultant unpredictability in the CPU state 
with the least amount of information 
destroyed. In particular, it is used _ to 
Clear check conditions when the CPU state 
is to be preserved for analysis or 
resumption of the operation. 


Initial CPU reset provides the functions of 
CPU reset together with initialization of 
the current PSH, CPU timer, clock 
comparator, prefix, and control registers. 


Subsystem reset provides a means for 
clearing floating interruption conditions 
and for resetting channel-set connections 
as well as for invoking I/0-system reset. 
Program reset and initial program reset 
cause CPU reset and initial CPU reset, 
respectively, to be performed and cause 
I1/O-system reset to be performed (see the 
section "I/0-System Reset" in Chapter 12, 
"Tnput/Output Operations"). 


Clear reset causes initial CPU reset and 
subsystem reset to be performed and, 
additionally, clears or initializes all 


storage locations and registers in all CPUs 
in the configuration, with the exception of 
the TOD clock. Such clearing is useful in 
debugging programs and in ensuring user 
privacy. Clearing does not affect external 
storage, such as direct-access storage 
devices used by the control program to hold 
the contents of unaddressable pages. 


The power-on-reset sequences for the TOD 
clock, main storage, and channels may be 
included as part of the CPU power-on 
sequence, or the power-on sequence for 
these units may be initiated separately. 


CPU reset, subsystem reset, and clear reset 
are initiated manually by using the 
operator facilities (see Chapter 13, 


"Operator Facilities"). Initial CPU reset 
is part of the initial-program-loading 
function. The figure "Manual Initiation of 
Resets" summarizes how these four’ resets 
are manually initiated. Power-on reset is 
performed as part of turning power on. The 
reset actions are tabulated in the figure 
"Summary of Reset Actions." For 
information concerning what resets can be 
performed by the SIGNAL PROCESSOR 
instruction, see the section "Signal- 
Processor Orders" in this chapter. 
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SSS ee Se ey 
| Function Performed ont [ 


| 
| Se 
| 
| 











| CPU on which Key | Other CPUS | Remainder of | 

Key Activated [| was Activated | in Config | Configuration | 
+-—— + ——_—__—___-——_—__ YH ——_—_ II 
|System—reset—normal | | | I 
[key | | | | 
| « without store— |Initial CPU reset | * [Subsystem reset| 
| status facility | | | | 
| e with store— |CPU reset |CPU reset | Subsystem reset| 
| status facility | | | | 
| [ | I | 
|System—reset—clear |Clear reset? {Clear reset2|Clear reset | 
| key | | | | 
| | | | | 
|Load—normal key | Initial—CPU reset, |CPU reset |Subsystem reset] 
| | followed by IPL | | | 
| | | [ 
|Load—clear key |Clear reset2, fol— |Clear reset2|Clear reset? | 
| [ 


| [lowed by IPL i 


[an i rf 
xplanation: 


led 


* This situation cannot occur, since the store-status facility is 
provided in a CPU equipped for multiprocessing. 


Activation of a system—reset or load key may change the config— 
uration, including the connection with I/0, storage units, and 
other CPUs. 


N 


Only the CPU elements of this reset apply. 


Gl 


ps 
a= Gee eee esses SSS eee ee oe 


Only the non-CPU elements of this reset apply. 
Se ee 


Manual Initiation of Resets 
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Reset Function 


Se ee Ege Ge eT ee HT Po ea ee Re ee ag ES a ee oe Ge pe ee pega ee eo ey 


SS SS ee 


| Sub- | [ j Initial|Initial| | Power—| 

Isystem | CPU [Program| CPU [Program| Clear | on | 

Area Affected | Reset | Reset | Reset | Reset | Reset | Reset | Reset | 
ee —-—————__+—_———_ + +--+ +t} 
|} CPU | U | S | Ss | $1 | S | St | S | 
|Pswe | U | UsVs U/V | C*1 | C* | C*1 | C* 1 
| Prefix | JU | uvyv | uyv | c | c | c 1 c | 
{CPU timer | U | U/sVvsi U/V¥ | Cc | Cc j Cc | Cc | 
{Clock comparator {| U | UsvV | U/V | C 1 c | c [ Cc | 
{Control registers | U | ouyvyvV | uwuyv | I | I | I | I | 
|General registers | JU | uUsvVv | U/V¥ | UsV_si U/V | C/f¥ | Cfx | 
|Floating—point registers {t U | UsV¥ | wuy¥ | U/¥V | o/VvV | cy¥ | cCsx | 
|Storage keys 1 JU 1 JU | U | U | U 1 c | cCc/x* | 
[Volatile main storage | JU | U | JU | JU | U 1 c | C/x* | 
|Nonvolatile main storage { U | vu | JU | JU | U | c | U | 
| TOD clock 1 U3 | U3 | U3 | vU3 | U3 | wU3 | T¢ | 
|Channel—set connection | I | UO | U [ U | U | I | 1Im§ | 
{Floating interruption conditions| C | U | JU | U } U | Cc | c¢ [ 
|Configured channels RA | wU | RC ] U {| kc | RA ; RA* | 


———— — 


S The CPU is reset; current operations, if any, are terminated; interruption 
conditions in the CPU are cleared; and the CPU is placed in the stopped state. 


RA I/0O-system reset is performed in all the channels in the configuration and pending 


I/O—interruption conditions are cleared. 


reset. 


RC I/O—system reset is performed in those channels connected to the CPU performing the 
program reset or initial—program reset. 


reset. 


As part of this reset, system reset is 
signaled to the I/O control units and devices configured to the channels being 


As part of this reset, system reset is 
Signaled to the I/O control units and devices configured to the channels being 


U The state, condition, or contents of the field remain unchanged. However, the 


resulting value is unpredictable if an operation is in progress that changes the 


state, condition, or contents of the field at the time of reset. 


the reset function is performed. However, on some models the checking—block code 
of the contents may be made valid. The subsequent contents of a field are unpre— 
dictable if it is accessed at the time of the reset. 


Cc The condition or contents are cleared. 


If the area affected is a field, the con— 


tents are cleared to zero with valid checking—block code. 


C/V The checking—block code of the contents is 
cleared to zeros but in some models may be 


C/X The checking—block code of the contents is 
cleared to zeros but in some models may be 


I The state or contents are initialized. 
tents are set to their initial values 


T The TOD clock is initialized to zero and validated; 


_ eae 


Summary of Reset Actions (Part 1 of 2) 


If 
with 


made valid. 
left unchanged. 


made valid. 


The contents normally are 


The contents normally are 


left unpredictable. 


the area affected is a field, the con— 


valid checking—block code. 


| 
| 
[ 
| 
| 
| 
[ 
[ 
[ 
| 
| 
| 
| 
{ 
| 
| 
| 
| U/V The contents remain unchanged, provided the field is not being accessed at the time 
| 
[ 
| 
| 
{ 
| 
| 
[ 
| 
| 
| 
| 
| 
| 
| 
[ 
[ 


it enters the not—set state. 
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Explanation (Continued): 


% 


mat. 


current PSW. 


power for the unit is turned on. 


nN 


| 





Summary of Reset Actions (Part 2 of 2) 


CPU reset causes the following actions: 


execution of the current 
instruction or other processing 
sequence, such aS an interruption, is 
terminated, and all progran- 
interruption and supervisor-call- 
interruption conditions are cleared. 


1. The 


2. Any pending external-interruption 
conditions which are local to the CPU 
are cleared. Floating external- 
interruption conditions are not 
cleared. 


3. Any pending machine-check-interruption 
conditions and error indications which 
are local to the CPU. and any 
check-stop states are cleared. 
Floating machine-check-interruption 
conditions are not cleared. A 
broadcast machine check which has been 
made pending to acCPU is said to be 
local to the CPU. 


4. All copies of prefetched instructions 


or operands are cleared. 
Additionally, any results to be stored 
because of the execution of 


instructions in the current checkpoint 
interval are cleared. 
5. The translation-lookaside buffer is 
cleared of entries. 


6. The CPU is placed in the stopped state 
after actions 1-5 have been completed. 


Registers, storage contents, andthe state 


of conditions external to the CPU) remain 
unchanged by CPU reset. However, the 
subsequent contents of the register, 


4-32 Systen/370 Principles of Operation 


Clearing the contents of the PSW to zero causes the CPU to assume the BC—mode for— 
i When the IPL sequence follows the reset function on that CPU, the CPU does not 
enter the stopped state, and the PSW is not necessarily cleared to zeros. 

For a BC—mode PSW, the ILC and interruption—code fields are unpredictable in the 

3 Access to the TOD clock by means of STORE CLOCK at the time a reset function is 
performed does not cause the value of the TOD clock to be affected. 


* When these units are separately powered, 


Ss When these units are separately powered, 
a ee eS ee a ee | 


the action is performed only when the 


the action is model—dependent. 


location, or state are unpredictable if an 
operation is in progress that changes the 
contents at the time of the reset. 


When the reset function in the CPU is 
initiated at the time the CPU is executing 
an I/O instruction or is in the process of 
taking an I/O interruption, the current 
operation between the CPU and the channel 
may or may not be completed, and the 
resultant state of the associated channel 
may be unpredictable. 


Programming Note 


Most operations which would change a state, 
a condition, or the contents of a_ field 
cannot occur when the CPU is in the stopped 


state. However, sone signal- processor 
functions and some operator functions may 
change these fields. To eliminate the 


possibility of losing a field when CPU 
reset is issued, the CPU should be stopped, 
and no operator functions should be in 
progress. 


Initial CPU Reset 


ae 





the CPU reset 
clearing and 


Initial CPU reset combines 
functions with the following 
initializing functions: 


1. The contents of the current PSW, 
prefix, CPU timer, and clock 
comparator are set to zero. 


2. All assigned control-register 
positions are set to their initial 
values. 


These clearing and initializing functions 
include validation. 


Setting the current PSW to zero causes the 
PSW to assume the BC-mode format. The 
instruction-length code and interruption 
code are unpredictable, because these 
values are not retained when a new PSW is 
introduced. 


Subsystem Reset 


TA A 


Subsystem reset operates only on those 
elements of the configuration which are not 
CPUs. It performs the following actions 
for the remainder of the configuration. 


1. I/0O-system reset is performed in each 
channel in the configuration. 


2. All floating interruption conditions 
in the configuration are cleared. 


3. Channel-set connections are 
initialized to connect each channel 
set to its home CPU if one exists, or 
to make the channel set disconnected 
if no home CPU exists. 


As part of the I/O-system reset performed 
in each channel, pending I/0O-interruption 
conditions are cleared, and system reset is 
signaled to all control units and devices 
configured to the channel (see the section 
"T /O-System Reset" in Chapter 12, 
"Input/Output Operations"). The effect of 
system reset on I/0 control units) and 
devices and the resultant control-unit and 
device state are described in the 
appropriate publication on the control unit 
or device. A system reset, in general, 
resets only those functions ina_e shared 
control unit or device that are associated 
with the particular channel signaling the 
reset. 


Program Reset 


For program reset, CPU reset is performed, 
and 1/O-system reset is performed in each 
channel connected to this CPU. 


As part of the I/O-system reset performed 
(see the section "I/o-System Reset" in 
Chapter 12, "Input/Output Operations"), 
pending I/0-interruption conditions are 
cleared, and system reset is signaled to 
all control units and devices configured to 
the channel. The effect of system reset on 
I/O control units and devices and the 
resultant control-unit and device state are 
described in the appropriate publication on 
the control unit or device. A systen 


general, resets only those 
functions in a shared control unit or 
device that are associated with the 
particular channel signaling the reset. 


reset, in 


Initial Program Reset 


combines the 
with the clearing 
initial CPU 


Initial program reset 
program-reset functions 
and initializing functions of 
reset. 


Clear Reset 


Clear reset combines the initial-CPJ-reset 
function with an initializing function 
which causes the following actions: 

contents of the 


1. In most models, the 


general and floating-point registers 
are set to zero, but in some models 
the contents may be left unchanged 


except that the checking-block code is 
made valid. 


2. The contents of the main storage and 
the storage keys in the configuration 
are set to ZeLo with valid 
checking-block code. 


3. A subsystem reset is performed. 


Validation is included in setting registers 
and in clearing storage. 





1. For the cCPU-reset or  program-reset 
operation not to affect the contents 
of fields that are to be left 
unchanged, the CPU must not be 
executing instructions and must be 
disabled for all interruptions at the 
time of the reset. Except for the 
operation of the TOD clock, interval 
timer, and CPU timer and for the 
possibility of taking a machine-check 
interruption, all CPU activity can be 
quiesced by placing the CPU in the 
Wait state and by disabling it for I/O 
and external interruptions. To avoid 
the possibility of causing a reset at 
the time the timing facilities are 
being updated or a machine-check 
interruption occurs, the CPU) must be 
in the stopped state. 


2. CPU reset, initial CPU reset, program 


reset, initial program reset, and 
clear reset do not affect the value 


Chapter 4. Control 4-33 


and state of the TOD clock. 


3. The conditions under which the CPU 
enters the check-stop state are 
model-dependent and include 
malfunctions that preclude the 
completion of the current operation. 
Hence, if CPU reset, initial CPU 
reset, program reset, or initial 
program reset is executed while the 
CPU is in the check-stop state, the 
contents of the PSW, registers, and 
storage locations, including the 


storage keys and the storage location 
accessed at the time of the error, nay 
have unpredictable values, and, in 
some cases, the contents may still be 
in error after the check-stop state is 
Cleared by these resets. In such a 
case, a clear reset is required to 
clear the error. 


4. Clear reset causes all bit positions 
of the interval timer to be cleared to 
zeros. 


The power-on-reset function for a component 
of the system is performed as part of the 
power-on sequence for that component. 


The power-on sequences for the TOD clock, 
Main storage, and channels may be included 
as part of the CPU power-on sequence, or 
the power-on sequence for these units may 
be initiated separately. The following 
sections describe the power-on resets for 
the CPU, TOD clock, main storage, and I/0. 
See also Chapter 12, "I/O Operations," and 
the appropriate Systen Library (SL) 


publication for channels, control units, 
and 1/0 devices. 

CPU Power-On Reset: The power-on reset 
causes initial CPU reset to be performed 


and may or may not cause 

to be performed in the 
contents of general registers and 
floating-point registers normally are 
cleared to zeros, but in some models may be 


I/O-system reset 
channel. The 


left unpredictable, with valid 
checking-block code. 
TOD-Clock Power-On Reset: The power-on 


reset causes the value of the TOD clock to 
be set to zero and causes the clock to 
enter the not-set state. 


Main-Storage Power-On Reset: For volatile 
Main storage (one that does not preserve 


its contents when power is down) and for 
storage keys, power-on reset causes valid 
checking-block code to te placed in these 


fields. In most models, the contents are 
cleared to zeros, but, in some models, the 
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contents may be left unpredictable except 
for the checking-block code. The contents 
of nonvolatile main storage, including the 
checking-block code, remain unchanged. 

I/O Power-On Reset: The I/O power-on reset 
causes I/0O-system reset to be performed 
(see the section "I/0-System Reset" in 
Chapter 12, “Input/Output Operations"). 


INITIAL PROGRAM LOADING 


Initial program loading (IPL) is provided 
to initiate processing when the contents of 
storage or of the PSW are not suitable for 


processing. 

Initial program loading is initiated 
manually by designating an input device 
with the load-unit-address controls and 


subsequently activating the load-normal or 
load-clear key. The load-normal key causes 
an initial-program-reset operation to be 
performed, and the load-clear key causes a 
clear-reset operation to be performed. The 
CPU enters the load state. Subsequently, a 
read operation is initiated from the 
selected input device. The CPU does not 
necessarily enter the stopped state during 
the execution of the reset operation. The 


load indicator is on while the CPU is in 
the load state. 
The read operation is performed as if a 


START I/0 instruction were executed that 
specified the channel, subchannel, and I/0 
device designated by the load-unit-address 
controls. The operation uses an implied 
channel-address word (CAW) containing a 
subchannel key of zero, and a 
channel-command-word (CCW) address of 0, 
but the CAW location in storage, location 
72, is not accessed. The load-unit-address 
controls provide the 12 rightmost bits of 
the I/O address; zeros are implied for the 
leftmost bits. 


Although the location of the first CCW to 
be executed is specified by the CCW address 
as 0, the first CCW actually executed is an 
implied CCW, containing, in effect, a read 
command with the modifier bits set to 
zeros, a data address of 0, a byte count of 
24, the chain-command flag set to one, the 
SLI flag set to one, the chain-data flag 
set to zero, the skip flag set to zero, and 
the PCI flag set to zero. The CCW fetched, 
as a result of command chaining, from 
storage location 8 or 16, as well as any 
subsequent CCW in the IPL sequence, is 
interpreted the same asa cCCWin any I/0 
operation, except that any PCI flags that 
are specified in CCWs used for the IPL 
sequence are ignored. 


When the I/O device provides channel-end 


status for the last operation of the IPL 
chain and no exceptional conditions are 
detected in the operation, a new PSW is 


cbtained from storage locations 0-7. When 
this PSW specifies the EC mode, the I/0 
address that was used for the IPL operation 
is stored at locations 186-187, and zeros 
are stored at location 185; when the BC 


mode is specified, the I/O address is 
stored at locations 2-3. The CPU leaves 
the load state and enters the operating 


state, with CPU operation proceeding under 
the control of the new PSW, provided the 
rate control is set to process; if the rate 
control is set to instruction step, the CPU 
enters the stopped state after the new PSW 
has been obtained. 


When channel-end status for the IPL 
operation is presented, either separate 
from or along with device-end status, no 
I/O-interruption condition is generated. 
Similarly, any PCI flags specified by the 
program in the cCCWs used for the IPL 


sequence are ignored. If the device-end 
status for the IPL operation is provided 
separately after channel-end status, it 


causes an I/0 interruption condition to be 


generated. 


If the IPL I/O operaticn or the PSW loading 
is not completed satisfactorily, the CPU 
remains in the load state, andthe load 
indicator remains on. This occurs when the 
device designated by the load-unit-address 
controls is not Operational, when the 
device or channel signals any condition 
cther than channel end, device end, or 
status modifier during or at the completion 
of the IPL I/0 operation, cr when the FSW 
loaded from location 0 has a_ PSW-format 
error that is recognized during the loading 
procedure. The address of the Iy0O device 
used in the IPL operation is not stored. 
The contents of storage locaticns 0-7 are 
unpredictable. The contents of other 
storage locations remain unchanged, except 
possibly for those locations due to be 
changed by the read operations. 
When fewer than eight bytes are read into 
locations 0-7, the PSW fetched from 
location 0 at the conclusion of the IPL 
operation is unpredictakle. 


1. The information read and placed at 
locations 8-15 and 16-23 may be used 
as CCWs for reading additional 
information during the IPL sequence: 
the CCW at location 8 may specify 
reading additional CCWs elsewhere in 
storage, and the CCW at location 16 
may specify the transfer-in-channel 
command, causing transfer to these 


CCWs. 


The status-modifier bit has its normal 
effect during the IPL operation, 
causing the channel to fetch and chain 
to the CCW whose address is 16 higher 
than that of the current CCW. This 
applies also to the initial chaining 
that occurs after completion of the 
read Operation specified by the 
implicit CCW. 


The PSW that is loaded at the 
completion of the IPL procedure may be 
provided by the first eight bytes of 
the IPL I/O operation or may be placed 
at locations 0-7 by a subsequent CCW. 


2. When the PSW in location 0 has bit 14 
set to one, the CPU is placed in the 
Wait state after the IPL procedure is 
completed; at that point, the load and 
Manual indicators are off, and the 
Wait indicator is on. 


3. Activating the load-normal key permits 
an IPL program to be loaded with a 
ninimum disturbance of storage 
contents. This function may be useful 
in debugging. When the power is 
turned on or the load-clear key is 
activated, the IPL program starts with 
a cleared machine in a known state, 
except that information on external 
storage remains unchanged. 


STORE STATUS 


The store-status facility includes: 


1. A change to the operation of the 
system-reset-normal key. With the 
store-status facility installed, 
activating the system-reset-normal key 
causes a cCPU-reset operation and a 
subsystem-reset operation to be 


performed; without this facility, an 
initial-CPU-reset operation and 
subsystem-reset operation are 
performed. 

2. An operator-initiated store-status 


function. 


The store-status 
contents of 


operation 
the CPU registers, 


places the 
except for 


the TOD clock, in assigned storage 
locations. The information provided for 
unassigned control-register positions is 
unpredictable. 


The figure “Assigned Storage Locations for 
Store Status" lists the fields that are 
stored, their length, and their location in 
main storage. 
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re a ne ee a ee ee 
j |Length in|Absolute| 
[ Field | Bytes [Address | 


SS 


{CPU timer I 8 { 216 | 
}Clock comparator [ 8 [ 224 = |[ 
|Current PSW { 8 | 256 | 
| Prefix | 4 | 264 | 
|Model—dependent feat. | 4 | 268 | 
|Fl—pt registers 0-6 | 32 | 352 | 
|General registers 0-15] 64 [ 384 | 
}Control registers 0-15] 64 [ 44s | 


Assigned Storage Locations for Store Status 


The word beginning at absolute location 268 
is reserved for storing additional status 
as required by certain model-dependent 
features. If no feature requiring this 
location is installed, the contents of the 
field remain unchanged upon execution of 
the store-status function. 


The contents of the registers are not 
changed. If an error is encountered during 
the operation, the CPU enters the 
check-stop state. 


The store-status operation can be initiated 
manually by use of the store-status key 
(see Chapter 13, “Operator Facilities"). 
The store-status operation can also be 
initiated at the addressed CPU by executing 
SIGNAL PROCESSOR, specifying the stop-and- 
store-status order. 


MULTI PROCESSING 


ee ee ny 


The multiprocessing feature provides for 
the interconnection of CPUs, via a common 
main storage, in order to enhance systen 
availability and to share data and 
resources. The multiprocessing feature 
includes the following facilities: 


e Shared main storage 

e TOD-clock synchronization 

e Prefixing 

° Cpu-address identification 

e CPU signaling and response 

TOD-clock synchronization is described 
earlier in this chapter. Prefixing is 
described in Chapter 3, "Storage." Shared 
Main storage, CPU-address identification, 
and CPU signaling and response are 
described in the sections which follow. 
Associated with these facilities are four 


extensions to the external interruption 
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(external call, emergency Signal, 
TOD-clock-sync check, and malfunction 
alert), which are described in Chapter 6, 


"Interruptions"; control-register positions 
for the TOD-clock-sync-control bit and for 
the masks for the external-interruption 
conditions, which are listed in the section 
"Control Registers" in this chapter; and 
the instructions SET PREFIX, SIGNAL 
PROCESSOR, STORE CPU ADDRESS, and STORE 
PREFIX, which are described in Chapter 10, 
"Control Instructions." 


Channels ina 
connected to 

CPU which is 

initiate 
and all 
directed to 
switching is 


multiprocessing system are 
a particular CPU. Only that 
connected to a channel can 
I/O operations at that channel, 

interruption conditions are 
that CPO. When channel-set 
installed, the channel-CPU 


connection can be changed by means of the 
program. 

SHARED MAIN STORAGE 

The shared-main-storage facility permits 
more than one CPU to have access to common 
main-~storage locations. All CPUs having 
access to a common main-storage location 


have access to the entire 2,048-byte block 


containing that location and to the 
associated storage key. All CPUs and all 
channels refer toa shared main-storage 


location using the same absolute address. 


CPU-ADDRESS IDENTIFICATION 


Fach CPU ina multiprocessing configuration 
has a number assigned, called its CPU 
address. A CPU address uniguely identifies 
one CPU within a configuration. The CPU is 
designated by specifying this address in 
the cCPU-address field of a SIGNAL PROCESSOR 
instruction. The CPU signaling a 
malfunction alert, emergency signal, or 
external call is identified by storing this 
address in the CPU-address field with the 


interruption. The CPU address is assigned 
during system installation and is not 
changed as a result of configuration 
changes. The program can determine the 


address of the CPU by means of the 
instruction STORE CPU ADDRESS. 





CPU SIGNALING AND RESPONSE 
The CPU-sig naling-and-response facility 
consists of the instruction SIGNAL 


PROCESSOR and a mechanisn 
act on several order: codes. 


to interpret and 
The facility 


provides for communications among CPUs, 
including transnitting, receiving, and 
decoding a set of assigned order codes; 
initiating the specified operation; and 
responding to the signaling CPU. If a CPU 
has the CPU-signaling-and-response facility 
installed, it can address the SIGNAL 
PROCESSOR instruction to itself. The 
SIGNAL PROCESSOR instruction is described 
in Chapter 10, "Control Instructions." 


SIGNAL-~PROCESSOR ORDERS 


The signal-processor orders are specified 
in bit positions 24-31 of the _ second- 
operand address of SIGNAL PROCESSOR and are 
encoded as shown in the figure “Encoding of 
Orders." 


Se Sa a aaa | 
{| Code | Order | 
SSS SSS 
| 00 | Unassigned | 
} 01 | Sense | 
{ 02 | External call | 
{ 03 | Emergency signal | 
{| O48 { Start | 
{ 05 | Stop | 
1 06 | Restart | 
| 07 | Initial program reset | 
| 08 | Program reset | 
{| 09 | Stop and store status | 
| OA | Initial microprogram load| 
| OB | Initial CPU reset { 
{ Oc | CPU reset | 
| OD-FF | Unassigned I 


Encoding of Orders 


The orders are defined as follows: 


Sense: The addressed CPU presents its 
status to the issuing CPU (see the section 
“Status Bits" in this chapter for a 


definition of the bits). No other action 
is caused at the addressed CPU. The 
status, if not all zeros, is stored in the 
general register designated by the Ry 
field, and condition code 1 is set; if all 
Status bits are zeros, condition code 0 is 
set. 


External Call: An external-call external- 
interruption condition is generated at the 
addressed CPU. The interruption condition 
becomes pending during the execution of the 
SIGNAL PROCESSOR instruction. The 
associated interruption occurs when the CPU 
is enabled for that condition and does not 
necessarily occur during the execution of 
the SIGNAL PROCESSOR instruction. The 
address of the CPU} sending the signal is 
provided with the interruption code when 


the interruption occurs. Only one 
external-call condition can be kept pending 
in a CPU at a time. 


Emergency Signal: An emergency-signal 
external-interruption condition is 
generated at the addressed CPO. The 
interruption condition becomes pending 
during the execution of the SIGNAL 
PROCESSOR instruction. The associated 


interruption occurs when the CPU is enabled 
for that condition and does not necessarily 
occur during the execution of the SIGNAL 
PROCESSOR instruction. The address of the 
CPU sending the signal is provided with the 
interruption code when the interruption 


occurs. At any one time the receiving CPU 
can keep pending one emerge ncy-Signal 
condition for each CPU of the 
multiprocessing systen, including the 


receiving CPU itself. 


start: The addressed CPU performs the 
start function (see the section "Stopped, 
Operating, Load, and Check-Stop States" in 
this chapter). The order is effective only 
when the addressed CPU is in the stopped 
state, and the effect is unpredictable when 
the stopped state has been entered by 
reset. The CPU does’ not necessarily enter 
the operating state during the execution of 
the SIGNAL PROCESSOR instruction. 


Stop: The addressed CPU performs the stop 
function (see the section "Stopped, 
Operating, Load, and Check-Stop States" in 
this chapter). The CPU does not 
necessarily enter the stopped state during 
the execution of the SIGNAL PROCESSOR 
instruction. No action is caused at the 
addressed CPU if that CPU is in the stopped 
state when the order code is accepted. 


Restart: The addressed CPU performs’ the 
restart operation (see the section “Restart 
Interruption" in Chapter 6, 
"Tnterruptions") . The CPU does not 
necessarily perform the operation during 
the execution of the SIGNAL PROCESSOR 
instruction. 


Initial Program Reset: The addressed CPU 


performs initial program reset (see the 
section ‘"“Resets" in this chapter). The 
execution of the reset does not affect 
other CPUs. The reset operation is not 


necessarily completed during the execution 
of the SIGNAL PROCESSOR instruction. 


Program Reset: The addressed CPU performs 
program reset (see the section "Resets" in 
this chapter). The execution of the reset 


does not affect other CPUs. The reset 
operation is not hecessarily completed 
during the execution of the SIGNAL 


PROCESSOR instruction. 
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Stop and Store Status: The addressed CPU 
performs the stop function, followed by the 


store-status function (see the section 
"Store Status" in this chapter). The CPU 
does not necessarily complete the 


operation, or even enter the stopped state, 


during the execution of the SIGNAL 
PROCESSOR instruction. 
Initial Microprogram Load (IML): The 


addressed CPU performs 
reset and then initiates 
The latter function is the same as that 
which is performed as part of manual 
initial microprogram loading. If the IML 
function is not provided on the addressed 
CPU, the order code is treated as 
unassigned and invalid. The operation is 


initial progran 
the IML function. 


not necessarily completed during the 
execution of the SIGNAL PROCESSOR 
instruction. 

Initial CPU Reset: The addressed CPU 


performs initial CPU reset (see the section 
"Resets" in this chapter). The execution 
of the reset does not affect other CPUs and 
does not cause I/O to be reset. If the 
initial-CPU-reset order is not provided on 
the addressed CPU, the order is treated as 


unassigned and invalid. The reset 
operation is not hecessarily completed 
during the execution of the SIGNAL 


PROCESSOR instruction. 


CPU Reset: 


The addressed CPU performs CPU 


reset (see the section "Resets" in this 
chapter). The execution of the reset does 
not affect other CPUS and does not cause 


I/O to be reset. If the CPU-reset order is 
not provided onthe addressed CPU, the 
order is treated as unassigned and invalid. 
The reset operation is not necessarily 
completed during the execution of the 
SIGNAL PROCESSOR instruction. 


CONDITIONS DETERMINING RESPONSE 


Conditions Precluding Interpretation of the 
Order Code 


Situations preclude the 
the order. The sequence in 
listed is the 
indicating 


The following 
initiation of 
which the situations are 
order of priority for 
concurrently existing situations: 


1. The access path to the addressed CPU 
is busy because a concurrently issued 
SIGNAL PROCESSOR instruction is using 
the CPU-signaling-and-response 
facility. The concurrently issued 
instruction may or may not’ have been 
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issued by or to the addressed CPU and 
may or may not have been issued_ to 
this CPU. The order is’ rejected. 
Condition code 2 is set. 

The addressed CPU} is not operational; 
that is, the addressed CPU is not 
installed, is not configured to the 
issuing CPU, is in certain 
customer-engineer test modes, or does 
not have power on. The order is 
rejected. Condition code 3 is set. 
This condition cannot arise as a 
result of a SIGP by a CPU addressing 
itself. 


One of the following conditions exists 
at the addressed CPU: 

a. A previously issued start, stop, 
restart, or stop-and-store-status 
order has been accepted by the 
addressed CPU, and execution of 
the function requested by the 
order has not yet been completed. 


b. A manual start, stop, restart, or 
store-status function has been 
initiated at the addressed CPU, 
and the function has not yet been 
completed. This condition cannot 
arise as a result of a SIGP bya 
CPU addressing itself. 


ce A manual initial-program-load 
function has been initiated at the 
addressed CPU, and the reset 
portion, but not the program-load 
portion, of the function has been 
completed. This condition cannot 
arise aS a result of a SIGP bya 
CPU addressing itself. 
If the currently specified order is 
sense, external call, emergency 
Signal, start, stop, restart, or 
stop-and-store-status, then the order 
is rejected, and condition code 2 is 
set. If the currently specified order 
is an IML, one of the reset orders, or 
an unassigned or not-i mplemented 
order, the order code is interpreted 
as described in the section "Status 
Bits" in this chapter. 


One of the following conditions exists 
at the addressed CPU: 


ae A previously issued initial- 
program-reset, program-reset, IML, 
initial-CPU-reset, or CPU-reset 
order has been accepted by the 
addressed CPU, and execution of 
the function requested by the 
order has not yet been completed. 


b. A manual-reset or IML function has 
been initiated at the addressed 
CPU, and the function has not yet 


been completed. The tern 
"“manual-reset function" includes 
the reset portion of IPL. This 
condition cannot arise as a result 
of a SIGP by a CPU addressing 
itself. 
If the currently specified order is 
sense, external call, emergency 
Signal, start, stop, restart, or 
stop-and~-store-status, then the order 
is rejected, and condition code 2 is 
set. If the currently specified order 
is an IML, one of the reset orders, or 
an unassigned Or not-inplemented 
order, either the order is rejected 
and condition code 2 is set or the 
order code is interpreted as described 
in the section "Status Bits" in this 
chapter. 


When any of the conditions described in 
items 3 and 4 exists, the addressed CPU is 
referred to as "busy." Busy is not 
indicated if the addressed CPU is in the 
check-stop state Or when the 
operator-intervening condition exists. A 
CPU-busy condition is normally of short 
duration; however, the conditions described 
in item 3 may last indefinitely because of 
a string of interruptions or because of an 
invalid address in the prefix register. In 
this situation, however, the CPU) does not 
appear busy to any of the reset orders or 
to an IML. 

in items 1 


When the conditions described 


and 2 above do not apply and 
operator-intervening and receiver-check 
status conditions do not exist at the 


addressed CPU, reset orders may be accepted 
regardless of whether the addressed CPU has 
completed a previously accepted order. 
This may cause the previous order to be 
lost when it is only partially completed, 


making unpredictable whether the results 
defined for the lost order are obtained. 
However, some reset operations cannot 


themselves be overridden, as described in 
the section “Resets" in this chapter. 


Status Bits 





defined 
addressed CPUs can 


Various status conditions are 
whereby the issuing and 
indicate their response to the designated 
order. The status conditions and their bit 
positions in the general register 
designated by the R, field of the SIGNAL 
PROCESSOR instruction are shown in the 
figure "Status Conditions." 


Cr ec ee ae eS ea a Se oe ee ee ee 
| Bit Position | Status Condition | 


-_——_-_-_-_ 


| 


| 0 | Equipment check | 
| 1—23 | Unassigned; zeros stored | 
{ 24 | External—call pending | 
( 25 | Stopped | 
| 26 | Operator intervening | 
| 27 | Check stop | 
| 28 | Not ready | 
| 29 | Unassigned; zero stored | 
| 30 | Invalid order | 
| 31 | Receiver check [ 


[ee ere | 


Status Conditions 


The status condition assigned to bit 
position 0 is generated by the CPU 
executing the SIGNAL PROCESSOR instruction. 
The remaining status conditions are 
generated by the addressed CPU. 


When the equipment-check condition exists, 
bit 0 of the general register designated by 
the R, field of the SIGNAL PROCESSOR 
instruction is set to one, unassigned bits 
of the status register are set to zeros, 
and the contents of other status bits are 
unpredictable. In this case, condition 
code 1 is set independent of whether the 
access path to the addressed CPU is busy 
and independent of whether the addressed 
CP0 is not operational, is busy, or has 
presented zero status. 


When the access path to the addressed CPU 
is not busy and the addressed CPU is 
operational and does not indicate busy to 
the currently specified order, the 
addressed CPU) presents its status to the 
issuing CPU. These status bits are of two 
types: 


1. Status bits 24-28 indicate the 
presence of the corresponding 
conditions in the addressed CPU at the 
time the order code is received. 
Except in response to the sense order, 
each condition is indicated only when 
the condition precludes the successful 
execution of the designated order. In 
the case of sense, all existing status 
conditions are indicated; the 
operator-intervening and not-ready 
conditions each are indicated if these 
conditions preclude the execution of 
any installed order. 


2. Status bits 30 and 31 indicate that 
the corresponding conditions were 
detected by the addressed CPU during 
reception of the order. 


If the presented status is all zeros, the 
addressed CPU has accepted the order, and 
condition code 0 is set at the issuing CPU; 
if the presented status is not all zeros, 
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the order has been rejected, the status is 
stored at the issuing CPU in the general 
register designated by the R, field of the 
SIGNAL PROCESSOR instruction, zeros are 
stored in the unassigned bit positions of 
the register, and condition code 1 is set. 

defined as 


The status conditions are 


follows: 
Equipment Check: This condition exists 
when the CPU executing the instruction 


detects equipment malfunctioning that has 
affected only the execution of this 
instruction and the associated order. The 
order code may or May not have been 
transmitted and may or may not_ have been 
accepted, and the status bits provided by 
the addressed CPU may be in error. 


External Call Pending: This condition 
exists when an external-call interruption 
condition is pending in the addressed CPU 
because of a previously issued SIGNAL 
PROCESSOR instruction. The condition 
exists from the time an external-call order 
is accepted until the resultant external 
interruption has been completed. The 
condition may be due to the issuing CPU or 
another CPU. The condition, when present, 
is indicated only in response to sense and 
to external call. 


Stopped: This condition exists when the 
addressed CPU is in the stopped state. The 
condition, when present, is indicated only 
in response to sense. This condition 
cannot be reported as a result of a SIGP by 
a CPU addressing itself. 


Operator Intervening: This condition 
exists when the addressed CPU is executing 
certain operations initiated from local or 
remote operator facilities. The particular 
manually initiated operations that cause 
this condition to be present depend on the 
model and on the order’ specified. On 
Machines which do not implement the IML 
order, the conditions described under "Not 


Ready" may be indicated as an 
operator-intervening condition. The 
operator-intervening condition, when 


present, can be indicated in response to 


all orders. Operator intervening is 
indicated in response to sense if the 
condition is present and precludes the 


the installed orders. 
The condition may also be indicated in 
response to unassigned or uninstalled 
orders. This condition cannot arise asa 
result of a SIGP by a CPU addressing 
itself. 


acceptance of any of 


This condition exists when the 
addressed CPU is in the check-stop state. 
The condition, when present, is indicated 
only in response to sense, external call, 
emergency signal, start, stop, restart, and 
stop and store status. The condition may 


Check Stop: 
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also be indicated in response to unassigned 
or uninstalled orders. This condition 
cannot be reported as a result of a SIGP by 
a CPU addressing itself. 


This condition exists when the 
addressed CPU uses reloadable control 
storage to perform an order and the 
required microprogram is not loaded. The 
not-ready condition may be indicated in 
response to all orders except IML. This 
condition cannot arise asa result of a 
SIGP by a CPU addressing itself. 


Not Ready: 


condition exists 
communications associated with 
of SIGNAL PROCESSOR’ when an 

uninstalled order code is 


Invalid Order: This 
during the 
the execution 
unassigned ofr 
decoded. 


Receiver Check: This condition exists when 
the addressed CPU detects malfunctioning of 


equipment during the congunications 
associated with the execution of SIGNAL 
PROCESSOR. When this condition is 
indicated, the order has not been 


initiated, and, since the malfunction may 
have affected the generation of the 
remaining receiver status bits, these bits 
are not necessarily valid. A machine-check 
condition may or may not have been 
generated at the addressed CPU. 


The following chart summarizes which status 
conditions are presented to the issuing CPU 
in response to each order code. 


Receiver check# —————————_______—__, 
Invalid order —————_—______—__ 

Not ready —————___________“__ 
Check stop —————________—_—__ 
Operator intervening# ————, 
Stopped —————_________, 
External call pending— 


sense 

External call 
Emergency signal 
Start 

Stop 

Restart 

Initial program reset 
Program reset 

Stop and store status 
IML* 

Initial CPU reset* 
CPU reset* 

Unassigned order 
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Explanation: 


0 A zero is presented in this bit 
position regardless of the current 
state of this condition. 

1 A one is presented in this bit 

position. 


J 


X A zero or aone is presented in 
this bit position, reflecting the 
current state of the corresponding 


condition. 

0/Xx Either a zero or the current state 
of the corresponding condition is 
indicated. 

# The current state of the 
operator-intervening condition may 
depend on the order code that is 
being interpreted. 

# If a one is presented in the 
receiver-check bit position, the 
values presented in the other bit 
positions are not necessarily 
valid. 

* If the order code is implemented, 


use the line entry for the order 
code; if the order code is not 
implemented, use the line entry 


labeled "Onassigned Order." 


If the presented status bits are all zeros, 


the order has been accepted, and the 
issuing CPU sets condition code 0. If one 
or more ones are presented, the order has 
been rejected, and the issuing CPU stores 
the status in the general register 
specified by the R, field of the SIGP 


instruction and sets condition code 1. 


Programming Notes 


1. +A CPU) can obtain the 
functions by addressing 
PROCESSOR to itself: 


following 
SIGNAL 


whet her an 
condition is 


a. Sense indicates 
external-call 
pending. 


b. External call and emergency Signal 
cause the corresponding 
interruption conditions to be 
generated. External call can be 
rejected because of a previously 
generated external-call condition. 


c. Start sets condition code 0 and 
has no other effect. 

d. Stop causes the CPU to set 
condition code 0, take pending 
interruptions fsr which it is 
enabled, and enter the stopped 
state. 

e. Restart provides a means to store 


the current PS¥®. 


causes the 
store all 


f. Stop and 
machine 


store status 
to stop and 


current status. 


execute 
instructions, with 
each CPD addressing the other. When 
this occurs, one CPU, but not’ both, 
can find the access path busy because 
of the transmission of the order code 


2. Two CPUs can simultaneously 
SIGNAL PROCESSOR 


or status bits associated with the 
SIGNAL PROCESSOR instruction that is 
being executed by the other CPU. 


Alternatively, both CPUs can find the 
access path available and transmit the 


order codes to each other. In 
particular, two CPUs can 
Simultaneously stop, restart, or reset 


each other. 


The channel-set-sSwitching feature permits a 
collection of channels to be switched from 
one CPU to another. The collection of 
channels which are switched as a group is 
called a channel set. A CPU can be 
connected to only one channel set at a 
time, and a channel set can be connected to 
only one CPU) at a time. The switching 
operation controls only the execution of 
I/O instructions and I/O interruptions. 
Other channel activity, such as chaining 
and data-transfer operations, is not 
controlled by the switching. 
When a channel set is switched to a 
particular CPU, it is said to be connected 
to that CPU. Channel-set switching permits 
any channel set in the configuration to be 
connected to any CPU} in the configuration. 
However, a channel set can be connected to 
no more than one CPU at atime, and vice 
versa. When a channel set is not connected 
to a CPU, it is said to be disconnected. 
On a particular CPU, all I/O instructions 
executed address only the channels within 
the channel set which is currently 
connected to that CPU. Initial progran 
reset and program reset issued toa CPU 
result in the resetting of the CPU) and of 
only those channels which are currently 
connected to that CPU. Similarly, I/0 
interruptions caused by a channel which is 


part of a particular channel set occur on 
the CPU to which the channel set is 
currently connected. Chaining and 
data-transfer operations by the channel 
continue, independent of whether the 
channel set is connected to a CPU. 

Channel sets can be connected and 


disconnected by means 
CONNECT CHANNEL SET 
CHANNEL SET (DISCS), 
Chapter 10, "Control 
instructions select a 
set by means of a 


of two instructions, 
(CONCS) and DISCONNECT 
which are defined in 
Instructions." These 
particular channel 
16-bit channel-set 
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address. When the addressed channel set is 
not operational, execution of these 
instructions results in a setting of 
condition code 3. A channel set is not 


operational when it is not provided in the 
system, is not in the configuration, or is 
in certain customer-engineer test modes. 
Depending on the model, a channel set may 
be not operational when all of the channels 
in the channel set are not operational. 


connected to a CPU 
not operational, the 
also become not 
may become disconnected 
A CPU can 
of certain 


When a channel set is 
and the CPU becomes 
channel set nay 
operational, or it 

and remain in the configuration. 
become not operational because 
customer-engineer test modes being set, 
because it is configured out of the 
configuration, or because its power is off. 


The number of CPUs and channel sets ina 
particular configuration is not necessarily 
the same. 


When system reset normal, system reset 
Clear, load normal, or load clear is 
activated on any CPU) in the configuration, 
in the absence of any override by 
model-dependent configuration controls, 
then: 

e All channels within all channel sets 


in the configuration 
reset, 


perform systen 
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e Fach channel set which has a home CPU 
is connected to its home CPU, and 


° Fach channel set which does not havea 
home CPU is disconnected. 


By definition, the CPU to which a channel 
set is connected after system reset is 
called the home CPU for that channel set. 
The address of the channel set may or may 
not be the same as the address of its hone 


CPU. 

When no channel set is connected to a 
particular CPU, the execution of any I/0 
instruction results in a setting of 
condition code 3. When a channel set is 
connected to a particular CPU, condition 
code 3 to an I/O instruction normally 


that the addressed channel or 
device is not operational. The Ifo 
instructions are described in Chapter 12, 
"Input/Output Operations." The connection 


indicates 


or disconnection of a channel set is not 
considered to be a change in the channel 
State for purposes of setting to one the 


external-damage-code bit 3, 
channel not operational. The setting of 
this bit, even when a channel set is 
disconnected, indicates only those changes 
from the operational state to the 
not-operational state which would be seen 
if the channel set were connected to a CPU. 


machine-check 
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calculated from a base address, index, and 
displacement, designated by the B, X, and D 
fields, respectively, in the instruction. 


To describe the execution of instructions, 
operands are designated as first and second 
operands and, in some cases, third 
operands. 


In general, two operands participate in an 
instruction execution, and the result 
replaces the first operand. An exception 
is instructions with "store" in the 
instruction name, other than STORE THEN AND 
SYSTEM MASK and STORE THEN OR SYSTEM MASK, 
where the result replaces the second 
operand. Except when otherwise stated, the 


contents of all registers and storage 
locations participating in the addressing 
or execution part of an operation remain 
unchanged. 

INSTRUCTION FORMAT 

An instruction is one, two, or three 


halfwords in length and must be located in 
storage on a halfword boundary. Each 
instruction is in one of eight basic 
formats: RR, RRE, RX, RS, SI, S, SSE, and 
SS, with two variations of SS. (See the 
figure "Basic Instruction Formats.") 


Some instructions contain fields that vary 
slightly from the basic format, and in some 
instructions the operation performed does 
not follow the general rules stated in this 
section. All of these exceptions are 


explicitly identified in the individual 
instruction descriptions. 

The format names indicate, in general 
terms, the classes of operands which 


participate in the operation: 


e RR denotes a register-and-register 
operation. 

e RRE denotes a register-and-register 
operation having an extended op-code 
field. 

e RX denotes a register-and-indexed- 


Storage operation. 


e RS denotes a register-and-storage 
operation. 

e SI denotes a storage-and-inmediate 
operation. 

e S denotes an operation using an 


implied operand and storage. 


e ss denotes a 
operation. 


storage-and-storage 








e SSE denotes a storage-and-storage 
operation having an extended op-code 
field. 

RR Format 
aS 
| Op Code] Rq 1 Ra | 
Ld dl 
0 8 12 #15 
RRE Format 
ae 
I Op Code \//S//////\ Ra 1 Ra | 
[ es ee: ee 
0 16 24 28 31 
RX Format 
Aa a oy SO pee ae oe a ON es 
| Op Code| Ra | Xa ( Ba | Da [ 
6 
0 8 12 16 20 31 
RS Format 
CSS ee ee ee ee ee ee 
| Op Code| Ra | Ra I Ba | Da { 
ee eee oes: Coen Cee eee 
0 8 12 16 20 31 
SI Format 
So We ee ee A —™ 
| Op Code| Ia 1 Ba | Da { 
a a ee a ae 
0 8 16 20 31 
Ss Format 
See et oe ee a ee ey Ee ee pee fe ee ae 
| Op Code { Ba | Da | 
a ee a ee 
0 16 20 31 
S Format 


| a seen se Aen some nm’ hae 
| Op Code| ly | La [| Ba | Da | Ba | Dao | 
SS a ee ey a es oe 


0 8 12 16 20 32 36 47 
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the first operand, except for the following 
instructions: EDIT, EDIT AND MARK, 
TRANSLATE, and TRANSLATE AND TEST. 


ADDRESS GENERATION 


Execution of instructions by the CPU 
involves generation of the addresses of 
instructions and operands. 


SEQUENTIAL INSTRUCTION-ADDRESS GENERATION 


When an instruction is fetched from the 
location designated by the current PSW, the 
instruction address is increased by the 
number of bytes in the instruction, and the 
instruction is executed. The same steps 
are then repeated by using the new value of 
the instruction address to fetch the next 
instruction in the sequence. 


Instruction addresses wrap around, with the 
halfword at location 22*-2 being followed 
by the halfword at location 0. Thus, any 
carry out of PSW bit position 40, as a 
result of updating the instruction address, 
is lost. 


OPERAND-ADDRESS GENERATION 


An operand address that refers to storage 
either is contained in a register 
designated by an R field in the instruction 
or is calculated from the sum of three 
binary numbers: base address, index, and 
displacement. 


The base address (B) is a 24-bit number 
contained in a general register specified 
by the program in a four-bit field, called 
the B field, in the instruction. Base 
addresses can be used as a means of 
independently addressing each program and 
data area. In array-type calculations, it 
can specify the location of an array, and, 
in record-type processing, it can identify 
the record. The base address provides for 
addressing the entire storage. The base 
address may also be used for indexing. 


The index (X) is a 24-bit number contained 
in a general register designated by the 
program in a four-bit field, called the xX 
field, in the instruction. It is included 
only inthe address specified by the RX 
instruction format. The RX format 
instructions permit double indexing; that 
is, the index can be used to provide the 
address of an element within an array. 


The displacement (D) is a 12-bit number 
contained in a field, called the D field, 
in the instruction. The displacement 
provides for relative addressing of up to 
4,095 bytes beyond the location designated 


by the base address. In array-type 
calculations, the displacement can be used 
to specify one of many items associated 


with an element. In the processing of 
records, the displacement can be used _ to 
identify items within a record. 


the base address 
as 24-bit unsigned 
displacement is 
12-bit unsigned 
and 12 zeros are appended 
The three are added as 24-bit 


In forming the address, 
and index are treated 

binary integers. The 
Similarly treated as a 
binary integer, 
on the left. 


binary numbers, ignoring overflow. The sum 
is always 24 bits long. The bits of the 
generated address are numbered 8-31, 


corresponding to the numbering of the 
base-address and index bits in the general 
register. 


A zero in any of the By, Ba, or Xz fields 
indicates the absence of the corresponding 


address component. For the absent 
component, a zero is used in forming the 
address, regardless of the contents of 


general register 0. A displacement of zero 
has no special significance. 


When an instruction description 
that the contents of a general 
designated by an R field are used _ to 
address an operand in storage, bit 
positions 8-31 of the register provide the 
operand address. 


specifies 
register 


An instruction can designate the same 
general register both f or address 
computation and as the location of an 
operand. Address computation is completed 
prior to the execution of the operation. 


Unless otherwise indicated in an individual 
instruction definition, the generated 


operand address designates the leftmost 
byte of an operand in storage. 


Programming Note 


Negative values may be used in index and 
base-address registers. Bits 0-7 of these 
values are always ignored. 


BRANCH-ADDRESS GENERATION 


For branch instructions, the address of the 


next instruction to be executed when the 
branch is taken is called the branch 
address. Depending on the branch 
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The PT 
reduction in 
a change from 


addressing mode, and address space. 
instruction also permits a 
PSW-key-mask authority and 
supervisor to problem state. In general, 
the PT instruction is used to transfer 
control from one program to another of 
equal or lower authority. The PT 
instruction can be used to return froma 
program called by the PC instruction. 


The operation of the PC instruction is 
controlled by means of an entry-table 
entry, which is located as part of a 
table-lookup process during the execution 
of the instruction. The PC instruction 
causes the primary address space to be 
changed only when the ASN in the 
entry-table entry is nonzero. When the 
primary address space is changed, the 


operation is called PROGRAM CALL with space 


switching (PC-ss). When the primary 
address space is not changed, the operation 
is called PROGRAM CALL to current primary 


(PC-cp) . 

The PT instruction specifies an address 
space which is to become the new primary 
address space. When the primary address 
space is changed, the operation is called 
PROGRAM TRANSFER with space switching 
(PT-ss). When the primary address space is 
not changed, the operation is called 
PROGRAM TRANSFER to current prinary 
(PT-cp). 

The linkage instructions provided and the 


each are summarized 
"Linkage-Instruction 


functions performed by 
in the figure 
Summary.* 


eae ee ee pe Gee ae eg ee ee pg ee wal 


| | | Instruction | Problen | PASN | | 
| | | Address | State | CR4 | PSW-Key | 
| | |PSW Bits 40-63 | PSW Bit 15 | Bits 16-31 | Mask | 
| [ tt SCCihhangeeds*i| 
[Instruction|Format| Save | Set | Save | set | Save _ | Set [| in CR3 | 


privileged—operation exception is recognized when a change from 


| BALR* | RR | Yes | Rg! | = [ = [ = l = [ = [ 
| [ [ | [ [ | [ | [ 
| BAL* | RX [| Yes [| Yes | = [ = [ a l = [ = [ 
| [ [ [ [ [ | I [ [ 
[| BASR | RR [| Yes [| Ra! | = l sc [ = | = | = [ 
[ [ [ [ [ [ | [ | [ 
| BAS | RX | Yes | Yes | — | — | _ | _ | — | 
| | | [ [ | [ { | [ 
| PCc-—cp | Ss | Yes | Yes | Yes | Yes | - | — ("OR EKM | 
[ | [ [ | [ [ [ [ [ 
| PC-—ss | Ss | Yes | Yes | Yes | Yes | Yes | Yes |["OR" EKM | 
[ | [ l [ | i l | [ 
| PI—cp | RRE | = | Ra [ ss | Ra | os | = ["AND" Ry | 
[ [ I { [ l | | | [ 
| PT-ss | RRE | _ | Ro | — | Ra** | — | Yes |["AND"™ R, | 
[ [ | | | | | | { [ 
{ svc | RR | Yes | Yes | Yes | Yes | - | — | — [ 
Sr et ee ee Eee 
| Explanation: | 
| [ 
| - No | 
[ | 
| + The action takes place only if the R field in the instruction is | 
{ not zero. | 
| | 
[ * BAL and BALR also save the instruction—length code, condition code, | 
[ and program mask. | 
| | 
{ ** A change from supervisor to problem state is permissible; a | 
[ | 
[ [ 


problem to supervisor state is specified. 


SSS ee ee | 


Linkage—Instruction Summary 
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Execution of Interruptible Instructions 





The execution of an interruptible 
instruction is completed when all units of 
operation associated with that instruction 
are completed. When an interruption occurs 


after completion, nullification, or 
suppression of a unit of operation, all 
preceding units of operation have been 
completed. 


On completion of a unit of operation other 
than the last one (and on nullification of 
any unit of operation), the instruction 
address in the old PSW designates’ the 
interrupted instruction, and the operand 
parameters are adjusted such that the 
execution of the interrupted instruction is 
resumed from the point of interruption when 
the old PSW stored on the interruption is 
made the current PSW. It depends on the 
instruction how the operand parameters are 
adjusted. 


When a unit of operation is suppressed, the 
instruction address in the old PSW 
designates the next sequential instruction. 
The operand parameters, however, are 


adjusted so as to indicate the extent to 
Which instruction execution has been 
completed. If the instruction is 
reexecuted after the conditions causing the 
suppression have been renoved, the 
execution is resumed from the point of 
interruption. As in the case of completion 


and nullification, 
instruction how the 
adjusted. 


it depends on the 
operand parameters are 


When an exception which causes termination 
occurs as part of a unit of operation of an 
interruptible instruction, the entire 
operation is terminated, and the contents, 
in general, of any fields due to be changed 
by the instruction are unpredictable. On 
such an interruption, the instruction 
address in the old PSW designates the next 
sequential instruction. 


Programming Notes 





1. Any interruption, other than 
supervisor call and some program 
interruptions, can occur after a 


partial execution of an interruptible 


instruction. In particular, 
interruptions for external, I/o, 
machine-check, restart, and program 
interruptions for access exceptions 


and PER events can occur between units 
of operation. 


2. The amount of data processed ina unit 
of operation of an interruptible 


instruction depends on the model and 
may depend on the type of condition 
which causes the execution of the 


instruction to be 
Stopped. Thus, when an interruption 
occurs at the end of the current unit 
of operation, the length of the unit 
of operation may be different for 
different types of interruptions. 
Also, when the stop function is 
requested during the execution of an 
interruptible instruction, the CPU 
enters’ the stopped state at the 
completion of the execution of the 
current unit of operation. Similarly, 
in the instruction-step mode, only a 
Single unit of operation is performed, 
but the unit of operation for the 
various cases of stopping may be 
different. 


interrupted or 


EXCEPTIONS TO NULLIFICATION AND SUPPRESSION 


In certain unusual situations, the result 
fields of an instruction having a 
store-type operand are changed in spite of 


the occurrence of an exception which would 


normally result in nullification Or 
suppression. These Situations are 
exceptions to the general rule that the 


operation is treated as a no-operation when 
an exception requiring nullification or 
suppression is recognized. Fach of these 
Situations may result in the turning on of 
the change . bit associated with the store- 
type operand, even though the final result 
in storage may appear unchanged. Depending 
on the particular situation, additional 
effects may be observable the extent of 
which is described for each of the 
Situations. 


All of these situations are limited to the 
extent that a store access does not occur 
and the change bit is not set when the 
store access is prohibited. For the CPU, a 
store access is prohibited whenever an 
access exception exists for that access, or 
whenever an exception exists which is of 
higher priority than the priority of an 
access exception for that access. 


When, in these situations, an interruption 


for an exception requiring suppression 
occurs, the instruction address in the old 
PSW designates the next sequential 


instruction. When an interruption for an 
exception requiring nullification occurs, 
the instruction address in the old PSW 
designates the instruction causing the 
exception even though partial results may 
have been stored. 
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C | 


for an instruction with a store-type 
operand, an interlocked update which does 
not change the contents of the location may 


occur for that portion of the store-type 
operand, if any, for which no access 
exception exists. The interlocked update 
can occur only if the priority of the 
exception is equal to or lower than the 
priority of an access exception for the 
store-type operand. 

When the exception is a specification 
exception for a store-type operand which 


requires alignment on integral boundaries, 
the interlocked update which may occur is 
limited to the single byte at the location 
specified by the operand address. 


Programming Note 


Examples of when an interlocked update may 
occur to the destination-operand location 
in storage are: 


e Decimal-divide exception for DIVIDE 
DECIMAL 
e Specification exception for an odd 


register number for COMPARE DOUBLE AND 
SWAP 
° Data exception for an invalid decimal 
sign for ADD DECIMAL 


DUAL~ADDRESS-SPACE CONTROL 


The dual-address-space (DAS) facility 
consists of a number of interrelated 
functions. Many of these functions are 


described in this chapter, specifically in 


these sections: "DAS-Authorization 
Mechanisms," "PC-Number Translation," "ASN 
Translation," and "ASN Authorization." 
Additionally, address spaces are described 
in Chapter 3, "Storage"; interruptions in 
Chapter 6, "Tnterruptions"; and the 
instructions in Chapter 10, "Control 
Instructions." 

A complete list of the functions, control- 


register fields, and instructions which are 
part of DAS is included in Appendix D, 
"Facilities." 


SUMMARY 


These major functions are provided: 


1. Two address spaces for immediate use 


by the program 


2. Means for changing to other spaces 


3. Instructions for between 


spaces 


moving data 


4. A table-based-subroutine linkage 


5. The use of multiple access keys for 
key-controlled protection by  problen 
programs 

6. Aids for program-problem analysis 

Additionally, control and authority 
mechanisms are incorporated to control 
these functions. 

These functions are intended for use by 
programs considered to be semiprivileged, 


that is, programs which are executed in the 
problem state but which may be authorized 
to use additional capabilities. With these 
authorization controls, a hierarchy of 
programs may be established, with programs 
at a higher level having a greater degree 
of privilege or authority than programs at 
a lower level. The range of functions 
available at each level, and the ability to 
transfer control from a lower to a higher 
level, are prescribed in tables which are 
managed by the control progran. 


The semiprivileged instructions are 
described in Chapter 10, "Control 
Instructions." The instructions are: 


EXTRACT PRIMARY ASN (EPAR) 

EXTRACT SECONDARY ASN (ESAR) 

INSERT ADDRESS SPACE CONTROL (IAC) 
INSERT VIRTUAL STORAGE KEY (IVSK) 
LOAD ADDRESS SPACE PARAMETERS (LASP) 
MOVE TO PRIMARY (MVYCP) 
MOVE TO SECONDARY (MVYCS) 
MOVE WITH KEY (MVCK) 
PROGRAM CALL (PC) 

PROGRAM TRANSFER (PT) 

SET ADDRESS SPACE CONTROL 
SET SECONDARY ASN (SSAR) 


(SAC) 


In addition, when DAS is installed, two 
instructions which are not part of DAS are 


changed to operate in the problem. state. 
These instructions are: 

INSERT PSW KEY (IPR) 

SET PSW KEY FROM ADDRESS (SPKA) 
These instructions remain compatible, 
however, because the changes are under the 
control of mode bits in the PSW or in 


control registers. Furthermore, whenever a 
program in the problem state issues one of 


these instructions at a time when the 
required control registers have not _ been 
set up, the program exception which is 
indicated is an exception which is also 
available on machines without DAS. 
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ASN translation. 


To obtain the segment-table designation and 
other information for the new address 
space, the ASN is translated by using a set 
of tables whose origin is contained in 
control register 14. A two-level lookup is 
used. The ASN value is partitioned into 
two indexes. The first index selects an 
entry in the table designated by control 
register 14, called the ASN first table, or 
AFT. This entry designates another table, 
called the ASN second table, or AST, an 
entry of which is selected by the second 
index. An entry in the second table 
contains several parameters about the new 
address space. The information in a 
second-table entry includes: 


used 
the associated 
immediately 
useful for 
numbers and 


e A validity indicator, generally 
to indicate whether 
address space is 
accessible. This is 
managing unassigned 
swapped-out spaces. 


e The origin and length of a table which 
provides control over whether three of 
the instructions are authorized to use 
the new ASN. This table is called the 
authority table (AT). 


e The authority index (AX), or level, of 
the new space. 


° The origin and length of the segment 


table to be used by DAT when the new 
address space is accessed. 
e A control over whether aosignal, in 


the forn of a space~switch-event 
program interruption, is given for two 
of the instructions after a change to 


a new primary address space is 
completed. 

e The origin of a set of tables which 
describe the entry points associated 
with a new primary space. These 
tables are used by the linkage 
mechanisa provided with DAS. A 


two-level table structure is provided. 


The first level is the linkage table 
(LT), whose entries provide the 
origins of entry tables (ET). 

Changing the Secondary Space: The 


instruction SET SECONDARY ASN (SSAR) causes 
the secondary space to be changed to the 
Space associated with the ASN specified by 
the instruction. The ASN itself is placed 
in control register 3 and is called the 
secondary ASN, or  SASN. The ASN is 
translated to obtain the origin of the 
segnent table for the space. This orgin is 
placed in control register 7 as the 
secondary segment=table origin, or SSsTO. 
Instruction execution is disallowed if the 
translation is not authorized. The 


translation is authorized by a bit in the 
authority table at an offset determined by 
the authority index in control register 4. 


The instruction LOAD ADDRESS SPACE 
PARAMETERS also can change the secondary 
space. 


Noving Data Between Spaces 


DAS provides three instructions for moving 
information under the control of two access 
keys. 


The instruction MOVE WITH KEY gives a 
seniprivileged program the capability of 
moving information to (or from) a caller- 
specified area fron (or to) a 
seniprivileged-progran area. The 
instruction uses the PSW key for the store 
accesses associated with the first operand 


and uses a program-specified key for’ the 
fetch accesses associated with the second 
operand. Thus, a program may set up the 


PSW key and specify the source key so as to 
provide appropriate authority checking ona 


caller-specified address whether it be a 
source or a target. 
The instructions MOVE TO PRIMARY and MOVE 


TO SECONDARY permit the program to move 
data from either of the two current address 
Spaces to the other. These instructions 


have the same general format as MOVE WITH 
KEY and are defined such that a_ second 
access key can be specified in addition to 
the PSW key. The PSW key in these two 
instructions is used as the access key for 
the storage references to the primary 
address space. Accesses to the secondary 
address space are made by using a key 


specified in a general register designated 
by the instruction. Thus, the program can 
use the instruction to move data to (or 
from) a calling program area from (or to) 
the semiprivileged-program area and to 
specify the appropriate key to be used in 
each area. 


A third move instruction is used for moving 
data between differently protected areas, 
but with both operands appearing in the 
same address space. 


For all three move instructions, the number 
of bytes to be moved is expressed as a true 
length. A zero length is allowed, with no 
movement performed. Up to 256 bytes are 
moved each time one of these instructions 
is executed, and a condition code is set to 
indicate whether the number of bytes moved 
did or did not exhaust the true length. 
These capabilities make the instructions 
suitable for use ina simple program to 
move a number of bytes from zero up. This 
is particularly useful when the number of 
bytes to be moved is calculated dynamically 
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called program may be authorized to have 
keys which are not authorized to the 
caller. 

The IVSK instruction is also useful toa 
supervisor program since the instruction 
uses a virtual rather than a real address. 


The sequence LOAD REAL ADDRESS followed by 
INSERT STORAGE KEY does not necessarily 
produce a valid result if the program is 
enabled or running in a multiprocessing 
systen. This is true because, in a 
multiprocessing system, an INVALIDATE PAGE 
TABLE ENTRY, followed by a reassignment of 
the page on the other CPU, may occur. 


The SET PSW KEY FROM ADDRESS (SPKA), which 
is changed by DAS to operate in the problen 
state, provides the program in the problen 
state with the capability of changing the 
PSW key, under control of the PSW-key mask, 
and thus permits the program to access 
different data areas protected by different 


keys. Its use, in conjunction with the 
pSW-key mask, permits the program to 
operate with more than one key without 
having authorization to all keys. 

Increased flexibility in key handling is 
controlled by a 16-bit PSW-key mask in 


This mask controls the 
use of keys inthe nove 
instructions and in the SET PSW KEY FROM 
ADDRESS instruction. Each bit position 
corresponds to a key value. The bit in the 
mask must be one in order for the 
corresponding key to be used. 


control register 3. 
problem-program 


To aid program-problem analysis, the option 
is provided of having a trace entry made 
implicitly for three instructions. When 
tracing is activated, a trace entry is made 
each time PROGRAM CALL, PROGRAM TRANSFER, 
or SET SECONDARY ASN is executed. 


As a further analysis aid, PROGRAM CALL and 
PROGRAM TRANSFER are also recognized for 
PER purposes as success ful branching 
events. Additionally, for these two 
instructions, a bit called the space- 
Switch-event bit is provided both in 
control register 1 and in the second-table 
entry used during ASN translation. When 
either bit is one, a program interruption 
for a space-switch event occurs at the 
completion of the instruction. The effect 
is to provide for an interruption when a 
primary-space switch occurs, allowing 
recognition that a space has been entered, 
left, or both. 


MECHANISMS 





The authorization mechanisms which are 
provided by DAS are as follows. (A summary 
of the authorization mechanisms is given in 
the figure "Summary of DAS Authorization 
Mechanisms.") 


Extraction-Authority Control 


The extraction-authority-control bit is 
located in bit position 4G of control 
register 0. This bit controls whether the 
following instructions are authorized in 
the problem state. 


EXTRACT PRIMARY ASN (EPAR) 
EXTRACT SECONDARY ASN (ESAR) 
INSERT ADDRESS SPACE CONTROL 
INSERT PSW KEY (IPK) 

INSERT VIRTUAL STORAGE KEY (IVSK) 


(IAC) 


When the extraction-authority-control bit 
is a one, the instructions can be executed 
in the problem state. When the bit is zero 


and any of the above instructions are 
encountered in the problem state, a 
privileged-operation exception is 
recognized, and the operation is 
suppressed. The extraction-authority- 
control bit is not examined in the 
supervisor state. 

PSW-Key Mask 

The PSW-key mask consists of bits 0-15 in 


These bits are used in 
the problem state to control what keys and 
entry points are authorized for the 
program. The PSW-key mask is modified by 
PROGRAM CALL and PROGRAM TRANSFER and is 
loaded by LOAD ADDRESS SPACE PARAMETERS. 
The PSW-key mask is used in the problen 
state to control the following. 


control register 3. 


e The PSW-key values that can be set by 
means of the instruction SET PSW KEY 
FROM ADDRESS. 


e The PSW-key values that are valid for 
the three move instructions that 
specify a second access’ key: MOVE 
WITH KEY, MOVE TO PRIMARY, and MOVE TO 
SECONDARY. 


be called 

In this 
ANDed with 
mask in the 
if the result 
program is not 


e The entry points which can 
by means of PROGRAM CALL. 
case, the PSW-key mask is 
the authorization key 
entry-table entry, and, 
is Zero, the 
authorized. 
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The instruction 
switching causes a 


PROGRAM CALL with space 
new authorization index 


to be loaded from the ASN-second-table 
entry. This permits the program which is 
called to be given an authorization index 


access more address 
authorized for the 


which authorizes it to 
Spaces than those 
calling progran. 


Space-Switch-Event Bit 


Bit 31 of control register 
switch-event bit. This bit is loaded into 
control register 1, along with the 
remaining bits of the primary-Segment-table 
designation, whenever control register 1 is 
loaded. If control register 1 is loaded as 
a result of a PC-ss or PT-ss operation and 
either the old or new value of the space- 
Sswitch-event bit is one or both values are 
ones, then a space-switch-event progran 
interruption occurs after the operation has 
been completed. A space-switch-event 


1 is the space- 


program interruption is also indicated at 
the completion of a PC-ss or Pf-ss if any 
PER event is indicated. 


Programming Note 


The space-switch event permits the control 
program to gain control whenever a program 
enters or leaves a particular address 
space. Bit 95 of the ASN-second-table 
entry (ASTE) is loaded into bit position 31 
of control register 1 as part of the PC-ss 
and PT-ss operations. If bit 95 of the 
ASTE for a particular address space is set 
to one, then a Sspace-switch event is 
recognized when a progran enters’ the 
address space by means of either a PC-ss or 
a PTf-ss. 


The space-switch event 
causing additional trace 
recorded or in enabling 
CPU for PER or tracing. 


may be useful in 
information to be 
or disabling the 
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linkage-table entry. 


PC-NUMBER TRANSLATION CONTROL 


PC-number translation is 
means of the linkage-table 


controlled by 
designation in 


control register 5. The register has the 
following format: 

[ rn eS 

| | | Linkage-Table | | 

IVI | Origin | TL | 


En i | 


0 1 8 25 31 

Subsystem-Linkage Control (V¥): Bit 0 is 
the subsystem-linkage-control bit. When 
this bit is zero, PROGRAM CALL and PROGRAM 
TRANSFER are not authorized; a 


special-operation exception is recognized, 
and the operation is suppressed. 


with 
form a 
the 


Linkage-Table Origin: Bits 8-24, 
seven zeros appended on the right, 
24-bit real address that designates 


beginning of the linkage table. 


Bits 25-31 
linkage table 


Linkage-Table 
designate the 
in units of 


Length (LT): 
length of the 
128 bytes, thus making the 
length of the linkage table variable in 
multiples of 32 four-byte entries. The 
length of the linkage table, in units of 
128 bytes, is one more than the value in 
bit positions 25-31. The linkage-table 
length is compared against the leftmost 
seven bits of the linkage-index portion of 
the PC number to determine whether the 
linkage index designates an entry within 
the linkage table. 


PC-NUMBER TRANSLATION TABLES 


The PC-number translation 
in a two-level lookup uSing two tables: a 
linkage table and ane entry table. These 
tables reside in real storage. 


process consists 


Linkage-Table Entries 


The linkage-index portion of the PC number 


is used to select a linkage-table entry. 
The entry fetched from the linkage table 
designates the availability, origin, and 


length of the corresponding entry table. 


An entry in the linkage table has the 


following format: 


oe. yo = ee 
1 | | Entry—Table [ | 
1I} 0000000] Origin | ETL | 
SS SS a a ce: fe eee | 
oO 1 8 26 31 


The fields in the linkage-table 
allocated as follows: 


entry are 


LX Invalid Bit (I): Bit 0 controls whether 
the entry table associated with the 
linkage-table entry is available. 


When the bit is zero, PC~-number translation 
proceeds by uSing the linkage-table entry. 
When the bit is one, an ULx-translation 
exception is recognized, and the operation 
is nullified. 


Entry-Table Origin: Bits 8-25, with six 
zeros appended on the right, form a 24-bit 
real address that designates the beginning 
of the entry table. 


Entry-Table Length (ETL): Bits 26-31 
designate the length of the entry table in 
units of 64 bytes, thus making the entry 


table variable in multiples of four 16-byte 
entries. The length of the entry table, in 
units of 64 bytes, is one more than the 
value in bit positions 26-31. The 
entry-table length is compared against the 
leftmost six bits of the entry index to 
determine whether the entry index 
designates an entry within the entry table. 


Bits 1-7 of the linkage-table entry must be 
Zeros; otherwise, a PC-translation- 


specification exception is recognized, and 
the operation is suppressed. 


Entry-Table Entries 


The entry fetched from the entry table is 


16 bytes in length and has’ the following 
format: 

; 

| Auth Key Mask | ASN | 


a ese eae SAN ed ee eee ee EM Tae eee | 
0 16 31 


|O0000000| Entry Instr Addr {PI 
et ee ee 


32 40 63 


SS SSS ee ee 
{ Entry Parameter | 
ee 


64 95 
ee eee 

I Entry Key Mask I////////////////\ 
96 112 127 
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( 


Cate hese ee en 


CR5 |VI | LTO |LTL{ 
bk Pc Number 
| SS ee 
| | LX | EX | 
| u 
| 1 (x4) | (x16) 
| r | 
| | I 
| v Linkage Table | 
I | ee | a a a a a a a, | | 
> | + | [ [ [ 
U4 | [ [ 
a [ 
R [1|O0 | ETO J|ETL{ I 
[ [ | [ 
I [ [ [ 
_——-———}-__-—_——— [ 
| [ 
SSeS = | 
l 
———————) 


ro ee 


| 
[ 
| | 

| v Entry Table 
[ 


SS. SS 
(eh. | [ 
i | | 
SS eS SS 
R | AKM | ASN | QO | IA [PI PARM | EKM |//////\| 
ee arden ee Levees | 
| [ 
| [ 
—— Seer reess 
R: Address is real 
pC—Number Translation 
Linkaqe-Table Lookup | is recognized, and the operation is 
| nullified. 
The linkage-index (LX) portion of the PC All four bytes of the linkage-table entry 


number is used to select 
linkage table. The real address of the 
linkage-table entry is obtained by 
appending seven zeros on the right to the 
contents of bit positions 8-24 of control 
register 5 and adding the linkage index to 
this value. For this addition, the linkage 


an entry from the 


index is extended with two rightmost and 10 
leftmost zeros. 

A carry, if any, into bit position 7 is 
ignored, and the result is a 24-bit real 
address. 

As part of the linkage-table-lookup 
process, the leftmost seven bits of the 
linkage index are compared against the 
linkage-table length, bits 25-31 of control 
register 5, to establish whether the 
addressed entry is within the linkage 
table. If the value in the 


linkage-table-length field is less than the 
value in the seven leftmost bits of the 
linkage index, an LX-translation exception 


eee Oe ee aqEe ae ae eee eee ee eee 


are fetched concurrently. The fetch access 
is not subject to protection. When the 
storage address which is generated for 
fetching the linkage-table entry refers to 
a location which is not provided, an 
addressing exception is recognized, and the 
operation is suppressed. 


Bit 0 of the linkage-table entry specifies 


whether the entry table corresponding to 
the linkage index is available. This bit 
is inspected, and, if it is one, an 


LxX-translation exception is recognized, and 
the operation is nullified. 


recognized in the 
lookup, the entry 

table designates 
of the corresponding 


When no exceptions are 
process of linkage-table 
fetched from the linkage 
the origin and length 
entry table. 
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CC 


12 is one, ASN translation be 


performed. 


can 


Bits 20-31 

12 zeros 
24-bit real 
the beginning of 


ASN-First-Table AFTOQ): 


control register 14, with 
appended on the right, form a 
address that designates 
the ASN first table. 


ASN-TRANSLATION TABLES 


ina 
an ASN 
These 


The ASN-translation process consists 
two-level lookup using two tables: 
first table and an ASN second table. 
tables reside in real storage. 





The entry fetched from the ASN first table 


(AFT) designates the availability and 
origin of the corresponding ASN_ second 
table. 

An entry in the ASN first table has the 


following format: 


: ae, 
{0000 | 
: 


28 «31 


[I | 0000000| 
a 


0 1 8 


ASTO 


The fields in the allocated as 


follows: 


entry are 


AFX-Invalid 
whether the 


Bit (I): Bit 0 
ASN second table 
with the ASN-first-table entry is 
available. When bit position 0 contains a 
zero, ASN translation proceeds by using the 
designated ASN second table. When it 
contains a one, an AFX-translation 
exception is recognized, and the operation 

is nullified. 


controls 
associated 


ASN-Second-Table Origin (ASTO): 


Bits 8-27, 
with four zeros appended on the right, are 
used to form a 31-bit real address that 
designates the beginning of the ASN second 
table. 





Bits 1-7 and 28-31 of the AFT entry must be 
ZeIOS ; if they are not zeros, an 
ASN-translation-specification exception is 
recognized as part of the execution of the 
instruction using that entry for ASN 
translation, and the operation is 
suppressed. 


ASN-Second-Table Entries 


The entry fetched from the ASN second table 
indicates the availability of the address 
Space and contains’ the address-space- 
control parameters if the address space is 
available. 

the 


The ASN second-table has 


following format: 


entry 


mg 
[I] 0000000] ATO joo] 


0 1 8 31 


[ AX | ATL 1O000| 
SS LS 


48 60 63 


cee SBS TD 
i So ren Sear ae | 


1 STL ; STO 1////1 XI 
ee, ee ee eee eee a 
64 72 90 95 


LTD ______—_—__ 


cr 
[v1 0000000| LTO | LTL | 
a ee Lem 


96 104 121 127 


The fields in the allocated as 


follows: 


entry are 


Bit 0 controls 
whether the address space associated with 
the AST entry is available. When bit 
position 0 contains a zero, ASN translation 
proceeds. When the bit is a one, an 
ASX-translation exception is recognized, 
and the operation is nullified. 


ASX-Invalid Bit (I): 


Authority-Table Origin (ATO): Bits 8-29, 
with two zeros appended on the right, are 
used to form a 24-bit real address’ that 


designates the beginning of the authority 


table. 
Authorization Index (AX): Bits 32-47 are 
used aS a result of a successful primary 


ASN translation by PROGRAM CALL and PROGRAM 


TRANSFER. The AX field is ignored for 
secondary ASN translation in SET SECONDARY 
ASN. 


Authority-Table Length (ATL): Bits 48-59 
specify the length of the authority table 
in units of four bytes, thus making the 
authority table variable in multiples of 16 
entries. The length of the authority 
table, in units of four bytes, is one more 
than the ATL value. The contents of the 
ATL field are used to establish whether the 
entry designated by a particular AX falls 
within the authority table. 
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2 
cc ce cc ce cc ec i i cae 


ASN 


See ee a a 





CR14 | | vl | AFTO| | AFX | ASX | 
nearer Mees Name a 
| (x 4096) | | 
| | l 
ee | I 
| | | 
| —__ _—————-—____1 | 
| | (x 4) | 
[ v [ 
| co ASN First Takle | 
_—>|+| Ss 1 | 
LH | [ [ 
| | | | 
L_—— > | or Oo TA | 
R {Ii oO | ASTO | O| | 
|__| l 
[ | | | 
[ [ | [ 
————_____-——__- J [ 
l | 
—_—__- l 
| I 
| I 
[ | 
| | 
| l 
| —_ ee ee ee | 
| | (x 16) 
| | 
| v 
| ro ASN Second Table 
L-—>| + | 


R: Address is real 


ASN Translation 


ASN-First-Table Lookup 


The AFX portion of the ASN is’ used 
select an ASN-first-table entry that 
designates the second table (ASN second 
table) to be used for the second lookup. 
The 24-bit real address of the ASN first 
table is obtained by appending 12 zeros on 
the right to the AFT origin contained in 
bit positions 20-31 of control register 14. 
The real address of the AFT entry is 
obtained by appending two rightmost zeros 
and 12 leftmost zeros to the AFX and adding 
this 24-bit value to the real address of 
the AFT, ignoring any carry into bit 
position 7. All four bytes of the 
ASN-first-table entry are fetched 
concurrently. fetch access is not 


to 


The 


STO  {«XIVi Of { LTO |[LTL| 


subject to protection. When the storage 
address which is generated for fetching the 
ASN-first-table entry refers to a location 
which is not provided, an addressing 
exception is recognized, and the operation 
is suppressed. 


Bit 0 of the four-byte AFT entry specifies 
whether the corresponding AST is available. 
If this bit is one, an AFX-translation 
exception is recognized, and the operation 
is nullified. If bit positions 1-7 and 
28-31 of the AFT entry do not’ contain 
zeros, an ASN-translation-specification 
exception is recognized, and the operation 
is suppressed. When no exceptions are 
recognized, the entry fetched from the AFT 
is used to access the AST. 
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table. 


Authority-Table Length (ATL): Bits 48-59 
designate the length of the authority table 
in units of four bytes, thus making the 
authority table variable in multiples of 16 
entries. The length of the authority 
table, in units of four bytes, is equal to 
one more than the ATL value. The contents 


of the length field are used to establish 
whether the entry designated by the 
authorization index falls within the 


authority table. 


—————— oe Oe —— ae EE 


The authority table consists of entries of 
two bits each; accordingly, each byte of 
the authority table contains four entries: 


i ence seaeeee | 
[PS({PS|PSIPSI 
Lf. __L__ 


0 7 

The fields are allocated as follows: 
Primary Authority (P): The left bit of an 
authority-table entry controls whether the 
program with the authorization index 


corresponding to the entry is permitted to 
load the address space as a primary address 


space by using PROGRAM TRANSFER. If the P 
bit is one, the access is permitted. If 
the P bit is zero, the access is not 


permitted; a primary-authority exception is 
recognized, and the operation is nullified. 


Secondary Authority (S): The right bit of 


an authority-table entry controls whether 
the progran with the corresponding 
authorization index is permitted to load 
the address space as a secondary address 
Space using SET SECONDARY ASN. If the § 
bit is one, the access is permitted. If 
the S bit is zero, the access is not 
permitted; a secondary-authority exception 
is recognized, and the operation is 
nullified. 

Programming Note 

The primary- and secondary-authority 
exceptions cause nullification to pernit 
dynamic modification of the authority 
table. Thus, when an address space is 
created or “swapped in," the authority 


table can first be set to all zeros and the 
appropriate authority bits set to one only 
when required. 


ASN-AUTHORIZATION PROCESS 


The ASN-authorization process is performed 
by using the authorization index currently 
in control register 4, in conjunction with 
the authority-table origin and length from 
the AST entry, to select an authority-table 
entry. 


The ASN-authorization process 
by using the authorization index to select 
an entry from the authority table. The 
entry is fetched, and either the primary- 
or secondary-authority bit is examined, 
depending on whether the primary- or 
secondary-authorization process is being 
per formed. The ASN-authorization process 
is shown in the figure "ASN Authorization." 


is performed 
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sdosiniaiatuins. shemearascnismsceosossciitn Me 


C 


selected from the byte as a function of 
bits 14 and 15 of the AX in CR4Y and the 
instruction PROGRAM TRANSFER (PT-ss) or SET 
SECONDARY ASN (SSAR-Ss). 


CS ee a a ae eT pe ee 
| Bit Selected fron 
|Authority—Table Byte 


] 


| 

| 

| | for Test 

). “CRE Bite: ‘(.— 

| | P Bit | S Bit | 

| 14 15 | (PTss) [| (SSAR-ss) | 
—— St 

| 0 oO | 0 I 1 I 

| | [ [ 

{ 0 1 | 2 [ 3 | 

| | | | 

{ 1 0 | 4 I 5 | 

| [ | | 

| 1 1 | 6 | 7 | 

eee Se ee, ee (eee erry | 

If the selected bit is one, the ASN 
translation is authorized, and the 
appropriate address-space-control 


parameters from the AST entry are loaded 
into the appropriate control registers. If 


the selected bit is zero, the ASN 
translation is not authorized, and a 
primary-authority exception Or 


secondary-authority exception is recognized 
for PT-ss or SSAR-ss, respectively. 


Recognition f 


Authorization 


Exceptions During 


The exceptions associated with the primary- 
and secondary-ASN authorization processes 
are called primary-authorization- 
translation exceptions and secondary- 
authorization-translation exceptions, 
respectively. A list of these exceptions 
and their priorities are given in Chapter 
6, "Interruptions." 


SEQUENCE O 


eee AE ere ee ee 


STORAGE REFERENCES 


Conceptually, the 
instructions one at a 
execution of one 
execution of the 


CPU processes 
time, with the 
instruction preceding the 

following instruction. 
The execution of the instruction specified 
by a successful branch follows the 
execution of the branch. Similarly, an 
interruption takes place between 
instructions OL, for interruptible 
instructions, between units of operation of 
such instructions. 


The sequence of events implied by the 
processing just described is sometimes 
called the conceptual sequence. 


ASN 


Each operation appears to the program to be 
performed sequentially, with the current 
instruction being fetched after the 
preceding operation is completed and before 
the execution of the current operation is 
begun. This appearance is maintained, even 
though the storage-implementation 
characteristics and overlap of instruction 
execution with storage accessing may cause 
actual processing to be different. The 
results generated are those that would have 
been obtained had the operations’ been 
performed in the conceptual sequence. 
Thus, it is possible for an instruction to 


modify the next succeeding instruction in 
storage. 

In simple models in which operations are 
not overlapped, the conceptual and actual 
sequences are essentially the same. 
However, in more complex machines, 


overlapped operation, buffering of operands 
and results, and execution times which are 
comparable to the propagation delays 
between unitS can cause the actual sequence 
to differ considerably from the conceptual 


sequence. In these machines, special 
circuitry is employed to detect 
dependencies between operations and ensure 


that the results obtained 
would have been obtained 


are those that 
if the operations 


had been performed in the conceptual 
sequence. However, other CPUs and channels 
May, unless otherwise constrained, observe 


a sequence that differs from the conceptual 
sequence. Also, in certain situations 
involving dynamic address translation where 
different virtual addresses map to the same 


real address, the effect of overlapped 
operation may be observable. 

It can normally be assumed that the 
execution of each instruction occurs as an 


event. However, in actual 
operation, the execution of an instruction 
consists inaeseries of discrete steps. 
Depending on the instruction, operands may 
be fetched and _ stored in a piecemeal 
fashion, and some delay may occur between 
fetching operands and storing results. As 
a consequence, a channel or another CPU may 
be able to observe intermediate or 
partially completed results. 


indivisible 


the CPU interacts with 
a program on a channel or on another CPU, 
the programs Nay have to take into 
consideration that a single operation may 
consist in a series of storage references, 


When the program on 


that a storage reference May in turn 
consist in a series of accesses, and that 
the conceptual and actual sequences of 
these accesses ma y differ. Storage 
references associated with instruction 
execution are of the following types: 
instruction fetches, DAT-table fetches, 
Sstorage-key accesses, and storage-operand 
references. 
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4. Accesses to storage for the purpose of 
storing and fetching information for 
interruptions is performed by means of 
real addresses, whereas accesses by 
the program may be by means of virtual 


addresses. 

5. The real-to-absolute mapping may be 
changed by means of the instruction 
SET PREFIX. 

6. A location may be accessed by I/0 by 


means of an absolute address and by 
the CPU by means of a real or a 
virtual address. 


7. A location may be accessed by another 
CPU by means of one type of address 
and by this CPU by means of a 
different type of address. 


8. The CPU updates the interval timer by 
means of a real address, and the 
program may access the location by 
means of a virtual address. 


is to 
caused by case 1 


purpose of this section 
effects 


The primary 
describe the 
above. 


For case 2, the effect is not observable, 
since prefetched instructions are discarded 
and the effect of delayed stores is not 
observable to the CPU itself. 


For case 3, those instructions which fetch 
by uSing real addresses (for example, LOAD 
REAL ADDRESS), no effect is observable. 
This is because the only effect across 
instructions is the prefetching of 
instructions, and instructions which fetch 
by using real addresses thus have no 


special effect. All instructions which 
store by using a real address cause 
prefetched instructions to be discarded, 


and no effect is observable. 


Situations which are 
defined to cause serialization, with the 
result that prefetched instructions are 
discarded. In these cases, no effect is 
observable. 


Cases 4 and 5 are 


The handling of cases 6 andwJ7_ involves 
accesses aS observed by channels and other 
CPUs and is covered in the following 


sections in this chapter. 


For case 8, the effect of updating the 
interval timer is observable only if an 
instruction is fetched from location 80 by 
using a virtual address which is not 80 but 
Maps to 80. 


INSTRUCTION FETCHING 


Instruction fetching consists in fetching 
the one, two, or three halfwords specified 
by the instruction address in the current 
PSW. The immediate field of an instruction 
is accessed as part of an instruction 
fetch. If, however, an instruction 
specifies a storage operand at the location 
occupied by the instruction itself, the 
location is accessed both as an instruction 
and as a storage operand. The fetch of the 
target instruction of EXECUTE is considered 
to be an instruction fetch. 


The bytes of an instruction may be fetched 
piecemeal and are not necessarily accessed 
in a left-to-right direction. The 
instruction may be fetched multiple times 
for a single execution; for example, it may 
be fetched for testing the addressability 
of operands or for inspection of PER 
events, and it may be refetched for actual 
execution. 


Instructions are not necessarily fetched in 
the sequence in which they are conceptually 
executed and are not necessarily fetched 
for each time they are executed. In 
particular, the fetching of an instruction 
may precede the storayje-operand references 
for an instruction that is conceptually 
earlier. The instruction fetch occurs 
prior to all storage-operand references for 
all instructions that are conceptually 
later. 


An instruction may be prefetched by using a 


virtual address only when the associated 
DAT table entries are attached and valid. 
Instructions which are prefetched may be 


interpreted for execution only for the same 
virtual address for which the instruction 
was prefetched. 

There is no limit established as to the 
number of instructions which may be 
prefetched, and multiple copies of the 
contents of a single storage location may 
be fetched. AS a result, the instruction 
executed is not necessarily the most 
recently fetched copy. Storing caused by 
channels or by other CPUs does not 
necessarily change the copy of prefetched 
instructions. However, if a store that is 
conceptually earlier occurs on the same CPU 
uSing the same logical address as’ that by 
which the instruction is subsequently 
fetched, the updated inf orma tion is 
obtained. 

All copies of pref2tched instructions are 
discarded when: 


e A serializing function is performed 


e The CPU enters the operating state 
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4. The instruction INSERT STORAGE KEY 
provides a consistent image of the 
field, which consists of all seven 


bits of the storage key. The access 
to the storage key for INSERT STORAGE 
KEY follows the sequence rules’ for 
storage-operand fetch references and 
is a Single-access reference. 
5S. The instruction RESET REFERENCE BIT 
modifies only the reference bit. All 
other bits of the storage key remain 
unchanged. The reference bit and 
change bit are examined concurrently 
to set the condition code. The access 
to the storage key for RESET REFERENCE 
BIT follows the sequence rules’ for 
storage-operand update references. 
The reference bit is the only bit 
which is updated. 


The record of references 
reference bit is not necessarily accurate, 
and the handling of the reference bit is 
not subject to the concurrency rules. 
However, in the majority of situations, 
reference recording approximately coincides 
with the storage reference. 


provided by the 


The change bit may be set in cases when no 
storing has occurred. See the section 
"Change Recording" in Chapter 3, "Storage." 


STORAGE-OPERAND REFERENCES 


A storage-operand reference is the fetching 
or storing of the explicit operand or 
operands in the storage locations specified 
by the instruction. 


During the execution of an instruction, all 
or some of the storage operands for that 
instruction may be fetched, intermediate 
results may be maintained for subsequent 
modification, and final results may be 
temporarily held prior to placing them in 


storage. Stores caused by channels do not 
necessarily affect these intermediate 
results. Storage-operand references are of 


three types: fetches, stores, and updates. 


Storage-Operand Fetch References 


When the bytes of a storage operand 
participate inthe instruction execution 
only as a source, the operand is called a 
fetch-type operand, and the reference to 
the location is called a storage-operand 
fetch reference. A fetch-type operand is 
identified in individual instruction 


definitions by indicating that the access 


exception is for fetch. 


All bits within a single byte of a fetch 
reference are accessed concurrently. When 
an operand consists of more than one byte, 


the bytes may be fetched from _ storage 
piecemeal, one byte at ae time. Unless 
otherwise specified, the bytes are not 
necessarily fetched in any particular 
sequence. 

Storage~Operand Store References 

When the bytes of a storage operand 
participate in the instruction execution 


only as a destination, to the extent of 
being replaced by the result, the operand 
is called a store-type operand, and the 


reference to the location is called a 
storage-operand store reference. A 
store-type operand is identified in 
individual instruction definitions by 


indicating that the access exception is for 
store. 


All bits within a single byte of a store 
reference are accessed concurrently. When 
an operand consists of more than one byte, 


the bytes may be placed in storage 
piecemeal, one byte at a time. Unless 
otherwise specified, the bytes are not 
necessarily stored in any particular 
sequence. 

The cCPU may delay placing results in 
Storage. There is no defined limit on the 
length of time that results may remain 


pending before they are stored. 
This delay does not affect the sequence in 
which results are placed in storage. The 
results of one instruction are placed in 
storage after the results of all preceding 
instructions have been placed in’ storage 
and before any results of the succeeding 
instructions are stored as observed by 
channels. The results of any one 
instruction are stored in the sequence 
specified for that instruction. 


The CPU does not fetch operands or 
DAT-table entries froma _ storage location 
until all information destined for that 
location by the CPO has been stored. 
Prefetched instructions may appear to be 
updated before the information appears in 
storage. 


The stores are necessarily completed only 


as a result of a serializing operation and 
before the CPU enters the stopped state. 
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lost, both CPUs must use an 
instruction providing an interlocked 
update. It is possible, however, for 
a channel to make an access to the 
Same storage location between the 
fetch and store portions of an 


interlocked update. 


STORAGE-OPERAND CONSISTENCY 


Single-Access References 


—— ey 


A fetch reference is said to be a 
Single-access reference if the value is 
fetched in a single access to each byte of 
the data field. In the case of overlapping 
operands, the location may be accessed once 
for each operand. A _ store-type reference 
is said to be a Single-access reference if 
a Single store acceSs occurs to each byte 
location within the data field. An update 
reference is said to ke single-access if 
both the fetch and store accesses are each 
Single-access. 


Excent for the accesses associated with 
multiple-access operands and the _ stores 
associated with storage change and 
restoration for DAT-associated access 


exceptions, storage-operand references are 


Single-access references. 


Multiple-Access Operands 


For some instructions, 
may be made to all or some of the bytes of 
a storage operand. The following cases are 
those storage-operand references which may 
be multiple-access ones. 


multiple accesses 


1. The storage references associated with 
the decimal operands of the following 


instructions are not hecessarily 
single-access references: the decimal 
instructions and the instructions 


CONVERT TO BINARY, CONVERT TO DECIMAL, 
MOVE WITH OFFSET, PACK, and UNPACK. 


2. The operands of MOVE INVERSE. 

3. The stores into that portion of the 
first operand of MOVE LONG which is 
filled with padding bytes. 

a. TEST BLOCK. 

When a storage-operand store reference to a 


location is not a single-access reference, 
the contents placed at a byte location are 


not necessarily the same for each. store 
access: thus, intermediate results in a 
single-byte location may be observed by 
channels and other CPUs. 


Programming Notes 


1. When multiple fetch accesses are made 
to a single byte that is being changed 


by a channel or another CPU, the 
result is not necessarily limited to 
that which could be obtained by 
fetching the bits individually. For 
example, the execution of MULTIPLY 
DECIMAL may consist in repetitive 
additions and subtractions each of 


which causes the second operand to be 


fetched from storage. 


2. When 
nodify 
accessed by a 
multiple store accesses 
byte by the CPU may result in 
intermediate values being observed by 
a channel. To avoid these 
intermediate values (especially when 
modifying a CCW chain), only 
instructions making Ssingle-access 
references should be used. 


CPU instructions are used _ to 
storage locations being 
channel simultaneously, 


to a single 


Block-Concurrent References 


a a a room erento 





For some references, the accesses to all 
bytes within a halfword, word, Or 
doubleword are specified to be concurrent 
as observed by other CPUs. These accesses 
do not necessarily appear to a channel to 
include more thana byte ata time. The 
halfword, word, oor doubleword is referred 
to in this section as a block. When a 
fetch-type reference is specified to be 
concurrent within a block, no store access 
to the block by another CPU is permitted 
during the time that bytes contained in the 
block are being fetched. I/0 accesses to 
the bytes within the block may occur 
between the fetches. When a _ store-type 
reference is specified to be concurrent 
within a block, no access tothe block, 
either fetch or store, is permitted during 
the time that the bytes within the block 
are being stored. I/0 accesses to the 
bytes in the block may occur between the 
stores. 


Consistency Specification 


The storage-operand references associated 
with all S-format instructions and all 
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necessarily fetched from storage. 


Programming Note 


The independent fetching of a single 
location for each of two operands may 
affect the progran execution in the 


following situation. 


When the sane storage location is 
designated by two operand addresses of an 
instruction, and a channel or another CPU 
causes the contents of the location to 
change during execution of the instruction, 
the old and new values of the location nay 
be used simultaneously. For example, 
comparison of a field to itself may yield a 
result other than equal, or EXCLUSIVE-ORing 


of a field to itself may yield a result 
other than zero. 

OTHER STORAGE REFERENCES 

The restart, program, SVC, external, I/O, 
and machine-check PSWs are accessed 


doubleword-concurrent as observed by other 
CPUs. These references occur after the 
conceptually previous unit of operation and 
before the conceptually subsequent unit of 
operation. The relationship between the 
new-PSW fetch, the old-PSW store, and the 
interruption-code store is unpredictable. 

codes not 


Store accesses for interruption 


stored Within the old PSW are not 
necessarily single-access stores. The 
external and SVC interruption-code stores 


occur between the conceptually previous and 
conceptually subsequent operations. The 
program interruption-code store accesses 
may precede the storage-operand references 
associated with the instruction which 
results in the program interruption. 


stores 
of the 
which 


The CSW and I/0-communication-area 
occur within the conceptual limits 
interruption or I/O instruction with 
they are associated. 


Updating of the interval timer occurs after 
storage-operand references for the 
conceptually previous instruction and 
before storage-operand references for the 
conceptually subsequent instruction. 
Interval-timer updates can also occur 
within an interruptible instruction between 
units of operation. 


SERIALIZATION 


The sequence of functions performed by a 


CPU is normally independent of the 
functions performed by channels. 
Similarly, the sequence of functions 
performed by a channel is normally 


independent of the functions 
other channels and by the CPU. 
certain points in its execution, 
serialization of the CPU occurs. 
Serialization also occurs at certain points 
for channels. 


performed by 
However, at 


CPU SERIALIZATION 


execution of 
a serialization 
serialization 
completing all 


All interruptions and _ the 
certain instructions cause 
of CPU operations. A 
operation consists in 
conceptually previous storage accesses by 
the CPU, as observed by channels and other 
CPUs, before the conceptually subsequent 
storage accesseS occur. Serialization 
affects the sequence of all CPU accesses to 
storage and to the storage keys, except for 
those associated with DAT-table-entry 
fetching. 


all 
of the 


Serialization is perforned by 
interruptions and by the execution 
following instructions: 

1. The general instructions BRANCH ON 
CONDITION (BCR) with the My, and Rg 
field containing all ones and all 
zeros, respectively, and COMPARE AND 
SWAP, COMPARE DOUBLE AND SWAP, STORE 
CLOCK, SUPERVISOR CALL, and TEST AND 
SET. 


2e LOAD PSW and SET STORAGE KEY. 
3. All I/O instructions. 
4. PURGE TLB and SET PREFIX, which also 


cause the translation-lookaside buffer 
to be purged. 


5s SIGNAL PROCESSOR, READ DIRECT, and 
WRITE DIRECT. 

6. INVALIDATE PAGE TABLE ENTRY. 

7. TEST BLOCK. 

8. MOVE TO PRIMARY, MOVE TO SECONDARY, 
PROGRAM CALL, PROGRAM TRANSFER, SET 
ADDRESS SPACE CONTROL, and SET 
SECONDARY ASN. 

9. The ASN-tracing function causes 


serialization to be performed before 
the trace action and after completion 
of the trace action. 
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Se Se ee ee 
[PSW— |Mask Bits| 


Source 
Identification 


| 


|MACHINE CHECK | 
[ (old PSW 48, | 
| new PSW 112) | 
| I 
| 
[ 


|Exigent condition 
|Repressible cond 
;---—— 

|SUPERVISOR CALL 

| (old PSW 32, 

| new PSW 96) 

I 

[Instruction bits 


}34-—35 in 


| 
| 00000000 


| 
| (old PSW 40, 
| 
| 


new PSW 104) [|{42-—43 in 
I 

| Operation {00000000 
| Privileged oper {90000000 
| Execute 190000000 
| Protection 100000000 
|Addressing 100000000 
|Specification |00000000 
[Data 100000000 
|Fixed—pt overflow |00000000 


|Fixed—point divide] 00000000 


|Decimal overflow {00000000 
[Decimal divide 100000000 
{Exponent overflow |00000000 


JExponent underflow| 00000000 
[Significance 190000000 
|Floating—pt divide|00000000 


|Segment transl 190000000 
{Page translation |00000000 
|Translation spec |00000000 
|Special operation |00000000 
[|ASN-transl spec 190000000 


|Space—switch event|00000000 


|PCc—transl spec 100000000 
[|AFX translation 100000000 
{ASX translation 100000000 
[LX translation 100000000 
JEX translation 100000000 
|Primary authority |00000000 
[Secondary auth 100000000 
{Monitor event 100000000 
{PER event 100000000 
ire re er 





Interruption 
Code 


Locations 232—2391 


| Locations 138-139 
Jin EC mode and 


BC mode 


SSSSSSSS 


{Locations 142-143 
[in EC mode and 


BC mode 


p0000001 
p00000 10 
po000011 
p0000 100 
p0000101 
p0000110 
p00001i1 
p0001000 
p0001001 
p00010 10 
p0001011 
p0001100 
p0001101 
p0001110 
p0001111 
p0010000 
p0010001 
p00 10010 
p0010011 
p0010111 
p0011100 
poo11111 
p0100000 
p0100001 
p01000 10 
p0100011 
p0100100 
p0100101 
p1000000 





Interruption Action (Part 1 of 2) 
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Instruction 
1! ILc Identified 
| Set by Old PSW 


Execution of 


x j|terminated or nullified#2 
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[ [ | 
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{| 1,2 | completed | 
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SOURCE IDENTIFICATION 


The six classes of interruptions (external, 
I/O, machine check, program, restart, and 
supervisor call) are distinguished by the 


storage locations at which the old PSW is 
stored and from which the new PSW is 
fetched. For most classes, the causes are 


further identified by an interruption code 
and, for some classes, by additional 
information placed in permanently assigned 
storage locations during the interruption. 
(See also the section "Assigned Storage 
Locations" in Chapter 3, "Storage.") For 
external, I/0, program, and supervisor-call 
interruptions, the interruption code 
consists of 16 bits. 


For external interruptions in 
the interruption code is stored at 
locations 134-135. In the BC mode, the 
interruption code is placed in the old PSW. 


the EC mode, 


For I/O interruptions in the EC 
interruption code, which contains 
address, is stored at locations 186-187. 
In the BC mode, the interruption code is 
placed in the old PSW. Additional 
information is provided by the contents of 
the channel-status word (CSW) stored at 
location 64. Further information may be 
provided by the limited channel logout 
stored at location 176 and by the tTI/0 
extended logout. 


mode, the 
the I/0 


For machine-check interruptions, the 
interruption code consists of 64 bits and 
is stored at locations 232-239. Additional 
information for identifying the cause of 
the interruption and for recovering the 
state of the machine may be provided by the 


contents of the machine-check logout and 
Save areas. (See Chapter 11, “"Machine- 
Check Handling.") 

For program interruptions in the EC mode, 


the interruption code is stored at 
locations 142-143, and the instruction- 
length code is stored in bit positions 5 
and 6 of location 141. In the BC mode, the 
interruption code and instruction-length 
code are placed in the old PSW. Further 
information may be provided in the form of 
the translation-exception address, monitor- 
class number, monitor code, PER code, and 
PER address, which are stored at locations 


144-159. 

For restart interruptions in the EC mode, 
no interruption code is stored. In the BC 
mode, an interruption code of zero is 


placed in the old PSW. 


For supervisor-call interruptions in the EC 


mode, the interruption code is stored at 
locations 138-139, and the instruction- 
length code is stored in bit positions 5 


and 6 of location 137. In the BC mode, the 


interruption code and instruction-length 
code are placed in the old PSW. 


ENABLING AND DISABLING 


By means of mask bits in the current PSW 
and in control registers, the CPU) may be 
enabled or disabled for all external, I/0, 
and machine-check interruptions and for 
some program interruptions. When a_mask 
bit is one, the CPU is enabled for’ the 
corresponding class of interruptions, and 
these interruptions can take place. 


zero, the CPU is 
the corresponding 
conditions that cause 
I/0 interruptions remain pending. 
External-interruption conditions either 
remain pending or persist until the cause 
is removed. Machine-check-interruption 


When a mask bit is 
disabled for 
interruptions. The 


conditions, depending on the type, are 
ignored, remain pending, or cause the CPU 
to enter the check-stop- state. The 


disallowed program-interruption conditions 
are ignored, except that some causes are 
indicated also by the setting of the 
condition code. 


for which mask bits 
as well as the 
restart interruptions, 


Program interruptions 
are not provided, 
supervisor-call and 
are always taken. 


The mask bits may allow or disallow all 
interruptions within the class, or they may 
selectively allow or disallow interruptions 
for particular causes. This control may be 
provided by mask bits in the PSW that are 
assigned to particular causes, such as the 
bits assigned to the four maskable progran- 


interruption conditions. Alternatively, 
there may be a hierarchy of masks, where a 
mask bit in the PSW controls all 


interruptions within a type, and mask bits 
in a control register provide more detailed 
control over the sources. 

When the CPU is 
interrup- 


mask bit is one, the 
enabled for the corresponding 
tions. When the mask bit is zero, these 
interruptions are disallowed. Interrup- 
tions that are controlled by a hierarchy of 
masks are allowed only when all controlling 
mask bits are ones. 


Programming Notes 


1. Mask bits in the PSW provide a means 
of disallowing all maskable 
interruptions; thus, subsequent 


interruptions can be disallowed by the 
new PSW introduced by an interruption. 
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C | 


exception due to a PSW-format error is 
recognized as part of early exception 
recognition and the PSW has been introduced 


by LOAD PSW or an interruption. (See the 
section "Exceptions Associated with the 
PSW" later in this chapter.) In the case 


of LOAD PSW, the address of the instruction 


has been replaced by the instruction 
address of the new PSW. When the invalid 
PSW is introduced by an interruption, the 


PSW-format error cannot be attributed to an 
instruction. 


On some models without the translation 
feature, an ILC of zero occurs also when an 
addressing exception ofr a protection 
exception is recognized for a store-type 
reference. In these cases, the 
interruption due to the exception is 
delayed, the length of time or number of 
instructions of the delay being 


unpredictable. Neither the location of the 
instruction causing the exception nor the 
length of the last-executed instruction is 
made available to the progran. This type 
of interruption is sometimes referred to as 
an imprecise program interruption. 


In the case of LOAD PSW and the 
supervisor-call interruption, a PER event 
May be indicated concurrently With a 


specification exception having an ILC of 0. 


ILC on Instructio 


n-Fetching Exceptions 


When a program interruption occurs because 
of an exception that prohibits access to 
the instruction, the instruction-length 
code cannot be set on the basis of the 
first two bits of the instruction. As far 
as the significance of the ILC for this 
case is concerned, the following two 
Situations are distinguished: 


1. When an odd instruction address causes 
a specification exception to be 
recognized or when an addressing, 
protection, or translation- 
specification exception is encountered 
on fetching an instruction, the ILC is 
set to 1, 2, or 3, indicating the 
multiple of 2 by which the instruction 
address has been incremented. It is 
unpredictable whether the instruction 
address is incremented by 2, 4, or 6. 
By reducing the instruction address in 
the old PSW by the number of halfword 


locations indicated in the ILC, the 
address originally appearing in the 
PSW may be obtained. 

2. When a segment-translation or page- 
translation exception is recognized 
while fetching an instruction, 
including the target instruction of 


EXECUTE, the ILC is arbitrarily set to 


lg: 225: --OE> 3s In this case, the 
operation is nullified, and the 
instruction address is not 
incremented. 

The ILC is not necessarily related to the 


first two bits of the instruction when the 
first halfword of an instruction can be 


fetched but an access exception is 
recognized on fetching the second or third 
halfword. The ILC may be arbitrarily set 


to 1, 2, or 3 in these cases. The 
instruction address is or is not updated, 
as described in situations 1 and 2 above. 


When any exceptions other than segment 
translation or page translation are 
encountered on fetching the target 


instruction of EXECUTE, the ILC is 2. 


Programming Notes 


1. <A nonzero instruction-length code for 
a program interruption indicates’ the 
number of halfword locations by which 
the instruction address in the old PSW 
must be reduced to obtain the address 


of the last instruction executed, 

unless one of the following Situations 

exists: 

a. The interruption is caused by an 
exception resulting in 
nullification. 

b. An interruption for a PER event 
occurs before the execution of an 
interruptible instruction is 
ended. 

c. The interruption is caused by a 


PER event due to LOAD PSW or a 
branch ofr linkage instruction, 
including SUPERVISOR CALL. 


d. The interruption 
access exception 
fetching an instruction, and the 
instruction address has been 
introduced into the PSW by a means 
other than sequential operation 
(by a branch instruction, LOAD 
PSW, or an interruption). 


is caused by an 
encountered in 


e. The interruption is caused by a 
specification exception because of 
an odd instruction address. 


f. The interruption is caused by an 
early specification exception or 
by an access exception encountered 


in fetching an instruction, and 
changes have been made to the 
parameters that control the 
relation between the logical and 
real instruction address. The 
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one). 


e An access exception (addressing, page- 


translation, protection, segnent- 
translation, or translation- 
specification) is associated with the 


location designated by the instruction 
address or with the location of the 
second or third halfword of the 
instruction starting at the designated 
address. 


The instruction-length code and instruction 
address stored in the program old PSW under 
these conditions are discussed in the 
section "ILC on Instruction-Fetching 
Exceptions" in this chapter. 


CPU to be 
external, or 


If the invalid PSW causes the 
enabled for a pending I/O, 
machine-check interruption, the 
corresponding interruption occurs, and the 
PSW invalidity is not recognized. 
Similarly, the specification Or access 
exception is not recognized in a PSW® 
specifying the wait state. 


Programming Notes 


1. The execution of LCAD 
MASK, STORE THEN AND 
STORE THEN OR 
suppressed on an 
protection exception, and hence 
program old PSW provides 


PSW, SET SYSTEM 
SYSTEM MASK, and 
SYSTEM MASK is 

addressing or 
the 
information 


concerning the program causing the 
exception. 

2. =When the first halfword of an 
instruction can be fetched but an 
access exception is recognized on 


fetching the second or third halfword, 
the ILC is not necessarily related to 
the operation code. 


3. If the new PSW introduced by an 
interruption contains a PSW-format 
error, a string of interruptions 


occurs. (See the section "Priority of 
Interruptions" in this chapter.) 


EXTERNAL INTERRUPTION 


—— aici gms NNN MEI 


The external interruption 
by which the CPU responds to various 
Signals originating either from within or 
from without the systen. 


provides a means 


An external interruption causes the old PSW 
to be stored at location 24 and a new PSW 
to be fetched from location 88. 


The source of the interruption is 


interruption code. When 
the old PSW specifies the EC mode, _ the 
interruption code is stored at locations 
134-135. When the old PSW specifies the BC 
mode, the interruption code is placed in 
bit positions 16-31 of the old PSW, and the 
instruction-length code is unpredictable. 


identified in the 


Additionally, for the malfunction-alert, 
emergency-Signal, and external-call 
conditions, a 16-bit CPU} address is 
associated with the source of the 
interruption and is stored at locations 
132-133 in both the EC and BC modes. When 
the CPU address is stored, bit 6 of the 
interruption code is set to one. For all 


other conditions, no CPU address is stored, 
and bit 6 of the interruption code is set 
to zero. When bit 6 is zero and the old 
PSW specifies the EC mode, zeros are stored 


at locations 132-133. When bit 6 is zero 
and the old PSW specifies the BC mode, the 
contents of locations 132-133 remain 
unchanged. 

For the service-signal interruption, a 
32-bit parameter is associated with the 
interruption and is stored at locations 
128-131 in both EC and BC modes. Bit 2 of 
the external-interruption code indicates 


that a parameter has been stored. 


External-interruption conditions are of two 


types: those for which an interruption 
request condition is held pending, and 
those for which the condition directly 
requests the interruption. Clock 


comparator, CPU} timer, and TOD-clock sync 
check are conditions which directly request 
external interruptions. If a condition 
which directly requests an extemal 
interruption is removed before the request 
is honored, the request does not’ remain 
pending, and no interruption occurs. 
Conversely, the request is not cleared by 
the interruption, and if the condition 
persists, more than one interruption may 
result from a single occurrence of _ the 
condition. 


When several interruption requests for a 
Single source are generated before the 
interruption is taken, and the interruption 
condition is of the type which is held 
pending, only one request for that source 
is preserved and remains pending. 

An external 


interruption for a particular 


source can occur only when the CPU is 
enabled for interruption by that source. 
The external interruption occurs at _ the 
completion of a unit of operation. Whether 
the CPU is enabled for external 
interruption is controlled by the external 


mask, PSW bit 7, and external subclass nask 
bits in control register 0. Each source 
for an external interruption has a subclass 
mask bit assigned to it, and the source can 
cause an interruption only when the 
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separate emergency-Signal request pending 
in the receiving CPU for each configured 
CPU, including the receiving CPU itself. 


The emergency signal condition is indicated 
by an external-interruption code of 1201 
(hex). The address of the CPU that issued 
the SIGNAL PROCESSOR instruction is stored 
at locations 132-133. 


The subclass-mask bit is in bit position 17 
of control register 0. This bit is 
initialized to zero. 


EXTERNAL CALL 


An interruption request for an external 
call is generated when the CPU accepts the 
external-call order specified by a SIGNAL 
PROCESSOR instruction addressing this CPU. 
The instruction may have been executed by 
this CPU or by another CPU configured to 
this CPU. The request is preserved and 
remains pending in the receiving CPU until 
it is cleared. The pending request is 
cleared when it causes an interruption and 
by CPU reset. 


Only one external-call request, along with 
the processor address, may be held pending 
in a CPU at a time. 


The external-call condition is indicated by 
an external-interruption code of 1202 
(hex). The address of the CPU that issued 
the SIGNAL PROCESSOR instruction is stored 
at locations 132-133. 


The subclass-mask bit is in bit position 18 


of control register 0. This bit is 
initialized to zero. 


EXTERNAL SIGNAL 


external 
Signal is 


An interruption 
Signal is 


request for an 
generated when a 
received on one or more of the signal-in 
lines. Up to six signal-in lines’ may be 
connected, providing for external signal 2 
through external signal 7. The request is 
preserved and remains pending in the CPU 
until it is cleared. The pending request 
is cleared when it causes an interruption 
and by CPU reset. 


Facilities are provided for 
separate external-signal 
for each of the six lines. 


holding a 
request pending 


External signals 2-7 are indicated by 
setting to one interruption-code bits 
10-15, respectively. Bits 0-7 are set to 
zeros, and any other bits in the rightmost 


unless set to ones 
that are concurrently 


byte are set to zeros 
for other conditions 
indicated. 


All external signals are subject to control 
by the subclass-mask bit in bit position 26 
of control register 0. This bit is 
initialized to one. 


External signaling is independent of I/0 
operations and interruptions. 


The pattern presented in bit positions 
10-15 of the interruption code depends on 
the pattern received bef ore the 


interruption is taken. Because of circuit 
Skew, all simultaneously generated external 
Signals do not necessarily arrive at the 
same time, and some may not be included in 
the external interruption resulting from 
the earliest signals. These late signals 
may cause another interruption to be taken. 


INTERRUPT KEY 


An interruption request for the interrupt 
key is generated when the operator 
activates that key. The reguest is 
preserved and remains pending in the CPU 
until it is cleared. The pending reguest 
is cleared when it causes an interruption 


and by CPU reset. 


When the interrupt key is activated while 
the CPU is in the load state, it depends on 
the model whether an interruption request 
is generated or the condition is lost. 


The interrupt-key condition is indicated by 
setting bit 9 in the interruption code to 
one and by setting bits 0-7 to zeros. Bits 
8 and 10-15 are zeros unless set to ones 
for other conditions that are concurrently 
indicated. 


The subclass-mask bit is in bit position 25 
of control register 0. This bit is 
initialized to one. 


INTERVAL TIMER 


interval 

the interval timer 
positive number or 
Number. The request is 
remains pending in the CPU 
is cleared. The pending request 

when it causes an interruption 


An interruption request for the 
timer is generated when 
is decremented froma 

zero to a negative 
preserved and 
until it 

is cleared 
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condition. 


The TOD-clock-sync-check condition is 
indicated by an external-interruption code 
of 1003 (hex). 


The subclass-mask bit is in bit position 19 
of control register 0. This bit is 
initialized to zero. 


INPUT/OUTPUT INTERRUPTION 


— ee ee aoe tC ence Sea aici 


The input/output (17/0) interruption 
provides a means by which the CPU responds 
to conditions in I/O devices and channels. 


A request for an I/O interruption may occur 
at any time, and more than one request may 
occur at the same time. The requests are 
preserved and remain pending in channels or 
devices until accepted by the CPU. The I/0 
interruption occurs at the completion of a 
unit of operation. Priority is established 


among requests so that only one 
interruption request is processed at a 
time. For more details, see the section 


"Tnput/Output Interruptions" in Chapter 12, 
"Tnput/Output Operations." 


When the CPU becomes enabled for 1/0 
interruptions and a channel has established 
priority for a pending I/0-interruption 
condition, the interruption occurs at the 
completion of the instruction execution or 
interruption that causes the enabling. 


An I/O interruption causes the old PSW to 
be stored at location 56, a channel status 
word to be stored at location 64, and a new 
PSW to be fetched from location 120. Upon 
detection of equipment errors, additional 
information may be stored in the form of a 
limited channel logout at location 176 and 
in the form of an I/0 extended logout 
starting at the location designated by the 
contents of locations 173-175. 


When the old PSW specifies the EC mode, the 
I7O address identifying the channel and 
device causing the interruption is stored 
at locations 186-187, and zeros are stored 
at location 185. When the old PSW 
specifies the BC mode, the interruption 
code in PSW bit positions 16-31 contains 
the I/O address, and the instruction-length 
code in the PSW is unpredictable. 


An I/O interruption can occur only while 
the CPU is enabled for interruption by the 
channel presenting the request. Mask bits 
in the PSW and channel masks in control 
register 2 determine whether the CPU is 
enabled for interruption by a channel; the 
method of control depends on whether the 
current PSW specifies the EC or BC mode. 


The channel-mask bits in control register 2 
start at bit position 0 and extend for as 
many contiguous bit positions as the number 
of channels provided. The asSiqnment is 
such that a bit is assigned to the channel 
whose address is equal to the position of 


the bit in control register 2. 
Channel-mask bits for installed channels 
are initialized to one. The state of the 


channel-mask bits for unavailable channels 


is unpredictable. 


When the current PSW specifies the EC mode, 
each channel is controlled by the I/0O-mask 
bit, PSW bit 6, and by the corresponding 
channel-mask bit in control register 2; the 
channel can cause an interruption only when 
the I /0- mask bit is one and the 
corresponding channel-mask bit is one. 


When the current PSW specifies the PBC mode, 
interruptions from channels 6 and up are 
controlled by the I/O-mask bit, PSW bit 6, 
in conjunction with the corresponding 
channel-mask bit: the channel can cause an 
interruption only when the I/0O-mask bit is 
one and the corresponding channel-mask bit 
is one. Interruptions from channels 0-5 
are controlled by channel-mask bits 0-5 in 
the PSW: an interruption can occur only 
when the mask bit corresponding to the 
channel is one. In the BC mode, bits 0-5 
in control register 2 do not participate in 


controlling I/0 interruptions; they are, 
however, preserved in the control register 
if the corresponding channels are 
installed. 


MACHINE-CHECK INTERRUPTION 


The machine-check interruption is a means 
for reporting to the program the occurrence 
of equipment malfunctions. Information is 
provided to assist the program in 
determining the location of the fault and 
extent of the damage. 


A machine-check interruption causes the old 
PSW to be stored at location 48 anda new 
PSW to be fetched from location 112. When 
the old PSW specifies the BC node, _ the 
contents of the interruption-code and ILC 
fields in the old PSW are unpredictable. 


The cause and severity of the malfunction 
are identified by a 64-bit machine-check- 
interruption code stored at locations 
232-239. Further information identifying 
the cause of the interruption and the 
location of the fault may be stored at 
locations 216-511 and in the area starting 
with the location designated by the 
contents of control register 15. 


The interruption action and 
the associated information 


the storing of 
are under the 
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of the instruction that caused the 
reference. However, on some models without 
the translation feature, an ILC of zero 
occurs when an addressing exception is 


recognized for a store-type reference. Se When an 


associated with 
When the exception occurs during the EXECUTE, the ILC is 2. 


Gy a a ee a Ne Re eG ee Ey ON ge ee ee pp ee eure aT Tp,” epee eee ere eh ees ol 
| | Action on | 
HH 
| | DAT—Table— |Instruction| [ 
JException |Entry Fetch| Fetch | Operand Reference | 
-——_—_—_—__t____—_—_——__-____—_———_—————————— 

|Addressing|Suppress Suppress |Suppress for LPSW, SCKC, | 
Jexception | [SPT, SPX, SSM, STNSM, | 
I [ ISTOSM, and TPROT. | 
| | | [ 
| [ {Terminate for all others! 


-———_——___t —“-- OOOO ST 
| Protection | —_ |Suppress |Suppress for LPSW, SCKC, | 
jexception | | [ISPT, SPX, SSM, STNSM, and| 
|for key-— | [ |STOSM. | 
{controlled | [ | | 
[protection| | |Terminate for all others!| 
-——_—__—___—_—_t+ + HH 

{Protection | — | — [Suppress for STNSM and | 
Jexception | | [|STOSM. | 
|for low | [ [ | 
jaddress | | | [ 
[protection | | |Terminate for all others!| 


tL —__-—-— 4 -___. - - - ___-_1___—_______ --______——___ 


— Not applicable 


[ 

| 

| 

| 

| 1% For termination, changes may occur only to result 
| fields. In this context, “result field" includes 
| condition code, registers, and storage locations, if 
| any, Which are designated to be changed by the 
| instruction. However, no change is made to a 
| storage location or a key in storage when the refer— 
| ence causes an access exception. Therefore, if an 
| instruction is due to change only the contents of a 
| field in main storage, and every byte of that field 
| would cause an access exception, the operation is 
| suppressed. 


| 


Summary of Action for Addressing and Protection Exceptions 
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fetching of an instruction or during 
fetching of a DAT table entry 
with an instruction 
unpredictable whether 

addressing 


fetching the 


the ILC is 1, 
exce ption 
target of 


the 


associated 


is 


2 OF 


is 


6-15 


C 


two conditions are met: 


a. The invalid sign of the _ source 
field is not located in the 
numeric portion cf the result 
field. 

b. The Sign code appears in a 
position specified by the 
instruction to be checked for a 
valid sign. (This condition 


excludes the first operand of ZERO 
AND ADD and both operands of EDIT 
and EDIT AND MARK.) 


Decimal-Divide Exception 


A decimal-divide exception is recognized 
when in decimal division the divisor is 
zero or the quotient exceeds the specified 
data-field size. 


The decimal-divide exception is indicated 
only if the sign codes of both the divisor 
and dividend are valid and only if the 
digit or digits used in establishing the 
exception are valid. 

The operation is suppressed. 


The instruction-length code is 2 or 3. 


A decimal-overflow exception is recognized 


when one or more significant high-order 
digits are lost because the destination 
field in a decimal operation is too short 


to contain the result. 
The 
bit 
the 


interruption may be disallowed by PSW 
21 in the EC mode and by PSW bit 37 in 
BC mode. 

The operation is completed. The result is 
obtained by ignoring the overflow 
information, and condition code 3 is set. 


The instruction-length code is 2 or 3. 


Execute Exception 


The execute exception is recognized when 
the target instruction of EXECUTE is 
another EXECUTE. 

The operation is suppressed. 


The instruction-length code is 2. 


Exponent-Overflow Exception 


An exponent-overflow exception is 
recognized when the result characteristic 
in floating-point addition, subtraction, 
multiplication, or division exceeds 127 and 


the result fraction is not zero. 


The operation is completed. The fraction 
is normalized, and the sign and fraction of 
the result remain correct. The result 
characteristic is made 128 smaller than the 
correct characteristic. 


The instruction-length code is 1 or 2. 


exception is 
characteristic 


An exponent-~underflow 
recognized when the result 
in floating-point addition, subtraction, 
multiplication, halving, or division is 
less than zero and the result fraction is 
not zero. 


The 
bit 
the 


interruption may be disallowed by PSW 
22 in the EC mode and by PSW bit 38 in 
BC mode. 


The 
the 
bit 
and 


The operation is completed. 
exponent-underflow mask also affects 
result of the operation. When the mask 
is zero, the sign, characteristic, 
fraction are set to zero, making the result 
a true zero. When the mask bit is one, the 
fraction is normalized, the characteristic 
is made 128 larger than the correct 
characteristic, and the sign and fraction 
remain correct. 


The instruction-length code is 1 or 2. 


An EX-translation exception is recognized 
during the PC-number translation in PROGRAM 
CALL when the entry-table entry indicated 
by the entry-table index part of the PC 
number is beyond the length of the entry 


table as designated by the linkage-table 
entry. 
The PC number is stored in bit positions 


12-31 of the word at location 144, and the 


high-order 12 bits of the word are. set to 
zeros. 
The operation is nullified, and the 


instruction-length code is 2. 
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C 3. In the 


address 
of the 
which 


are stored at location 148. The 
specified by the B, and D, fields 
instruction forms the monitor code, 


is stored at locations 157-159. Zeros are 
stored at location 156. 
The operation is completed, and the 


instruction-length code is 2. 


Operation Exception 


An operation exception is recognized when 


the CPU encounters an instruction with an 
invalid operation code. The operation code 
may not be assigned, or the instruction 
with that operation code may not be 


available on the CPU. 


the operation 
the operation code 


For the purpose of checking 
code of an instruction, 
is defined as follows: 


1. When the first eight bits of an 
instruction have the value B2 or E5 
(hex), the first 16 bits form the 
operation code. 

2. In all other cases, the first eight 
bits alone form the operation code. 

The operation is suppressed. 
The instruction-length code is 1, 2, or 3. 


Programming Notes 


1. Some models may offer instructions not 
described in this publication, such as 


those provided for emulation or as 
part of special oor custom features. 
Consequently, operation codes not 
described in this publication do not 
necessarily cause an operation 
exception to be recognized. 
Furthermore, these instructions may 


cause modes of operation 
or may otherwise alter the machine so 
as to affect the execution of 
subsequent instructions. To avoid 
causing such an operation, an 
instruction with an operation code not 
described in this publication should 
be issued only when the specific 
function associated with the operation 
code is desired. 


to be set up 


2. The operation code 00, with a two-byte 
instruction format, currently is not 
assigned. It is improktable that this 
operation code will ever be assigned. 


case of I/O instructions with 
the values 9C, 9D, 9E, and 9F in bit 


positions 0-7, the value of bit 15 is 
used to distinguish between two 
instructions. Bits 8-14, however, are 
not checked for zeros, and these 
operation codes never cause an 
operation exception to be recognized. 


To ensure that presently written 
programs run if and when the I/0 
operation codes (9C, 9D, 9E, and 9F) 


are extended further to provide for 
new functions, only zeros should be 
placed in the unused bit positions in 
the second op-code byte. In 
accordance with these recommendations, 
the operation codes for the I/0 
instructions are shown as 9C00, 9CO1, ° 
9D00, etc. 
Page-Translation Exception 


A page-translation exception is recognized 


when: 


1. The page-table entry indicated by the 
page- index portion of a virtual 
address is outside the page table. 


2. The page-invalid bit is one. 


The exception is recognized as part of the 
execution of the instruction that needs the 
page-table entry in the translation of 
either the instruction or operand address, 
except for the operand address in LOAD REAL 
ADDRESS and TEST PROTECTION, in which case 
the condition is indicated by the setting 
of the condition code. 


The unit of operation is nullified. 


The segment-and-page portion of the virtual 
address causing the exception is stored at 


locations 145-147. With DAS, bit 0 of 
location 144 is set to zero if the virtual 
address was relative to the primary address 


set to one if it was 
relative to the secondary address’ space. 
Without DAS, bit 0 of location 144 is set 
to zero. Bits 1-7 of location 144 are set 
to zeros. When 2K-byte pages are used, the 
low-order 11 bits of the address are 
unpredictable; when 4K-byte pages are used, 


space, andit is 


the low-order 12 bits of the address are 
unpredictable. 

When the exception occurs during a 
reference to an operand location, the 


instruction-length code (ILC) is 1, 2, or 3 
and indicates the length of the instruction 
causing the exception. 


When the exception occurs 
of an instruction, it is unpredictable 
whether the ILC is 1, 2, or 3. When the 
exception occurs during a reference to the 


during fetching 
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Protection Exception 


A protection exception is recognized in the 
following situations: 

1. Key-Controlled Protection: The CPU 
attempts to access a storage location 
that is protected against the type of 
reference, and the access key does not 
match the storage key. 


2. Low-Address Protection: The CPU 
attempts a store that is subject to 
low-address protection, the address is 


in the range 0-511, and bit 3 of 
control register 0 is one. 
The execution of an instruction is 
suppressed when the location of the 


instruction, including the location of the 
target instruction of FXECUTE, is protected 
against fetching. 


Except for some specific instructions whose 
execution is suppressed, the operation is 
terminated when a protection exception is 


encountered during a reference to an 
operand location. See the figure “Summary 
of Action for Protection and Addressing 
Exceptions," which is included in the 
section “Addressing Exception" in this 
chapter. 


On fetching, the protected information is 
not loaded into an addressable register nor 
moved to another storage location. Whena 
part of an operand is protected against 
storing and part is not, storing may be 
performed in the unprotected part. 
However, the contents) of a protected 
location remain unchanged. 

For a _ protected the 
instruction-length code 
oe designating the 
instruction that caused 
However, on some models 
translation feature, an ILC 
when a protection exception 
for a store-type 


operand location, 
(ILC) is 1, 2, or 
length of the 
the reference. 
without the 
of zero occurs 
is recognized 
reference. When the 
exception occurs during fetching of an 
instruction, it is unpredictable whether 
the ILC is 1, 2, or 3. 


Secondary-Authority Exception 


A secondary-authority 
recognized during ASN 
SET SECONDARY ASN 
either: 


exception is 
authorization in the 
(SSAR-SS) operation when 


1. The authority-table entry indicated by 
the authority index in control 


register 4 is beyond the length of the 


authority table designated by the 
ASN-second-table entry. 

2. The secondary-authority mask bit 
indicated by the authority index is 
zero. 

The ASN being translated is stored at 
locations 146-147, and locations 144-145 
are set to zeros. 

The operation is nullified, and the 
instruction-length code is 2. 
Segment-Translation Exception 

A segnent-translation exception is 


recognized when: 


1. The segment-table entry indicated by 
the segment-index portion of a virtual 
address is outside the segment table. 


2. The segnent-invalid bit is one. 


The exception is recognized as part of the 
execution of the instruction that needs the 
segment-table entry in the translation of 
either the instruction or operand address, 
except for the operand address in LOAD REAL 
ADDRESS and TEST PROTECTION, in which case 
the condition is indicated by the setting 
of the condition code. 


The unit of operation is nullified. 


The segment-and-page portion of the virtual 
address causing the exception is stored at 
locations 145-147. With DAS, bit 0 of 
location 144 is set to zero if the virtual 
address was relative to the primary address 
Space, andit is set to one if it was 
relative to the secondary address’ space. 
Without DAS, bit 0 of location 144 is set 
to zero. Bits 1-7 of location 144 are set 
to zeros. When 2K-byte pages are used, the 
low-order 11 bits of the address are 
unpredictable; when 4K-byte pages are used, 


the low-order 12 bits of the address are 
unpredictable. 

When the exception occurs during a 
reference to an operand location, the 


instruction-length code (ILC) is 1, 2, or 3 
and indicates the length of the instruction 
causing the exception. 


When the exception occurs 
of an instruction, it is unpredictable 
whether the ILC is 1, 2, or 3. When the 
exception occurs during the fetching of the 
target of EXECUTE, the ILC is 2. 


during fetching 
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specified for an extended operand. 


6. The multiplier or divisor in decimal 
arithmetic exceeds 15 digits and sign. 


7. The length of the first-operand field 
is less than or equal to the length of 
the second-operand field in decimal 
multiplication or division. 

8. Bit positions 8-11 of MONITOR CALL do 

not contain zeros. 


9. A one is introduced into an unassigned 


bit position of an EC-mode PpSW (that 
is, any of bit positions 0, 2-4, 17, 
or 24-39, or bit position 16 when DAS 


is not installed). This is called an 
early PSW specification exception. 

10. in which the EC 

bit 12 is one) 

have the’ EC 


is introduced 
mode is specified (PSW 
in a CPU that does not 
facility installed. 


A PSW 


A one is introduced into an EC-mode 
PSW bit position, other than in the 
program-mask field, specifying a mode 
or facility that is not installed in 
the CPU. For example, bit 16 is one, 
and DAS is not installed. This is 
called an early PSW specification 
exception. 


V1. 


12. Bits 20-22 of the 
address of SET ADDRESS 


are not zeros. 


second-operand 
SPACE CONTROL 


Noe eight bits of the 
specified by the Roa 


TRANSFER are not 


The high-order 
general register 
field of PROGRAM 
zeros. 

14. The instruction PROGRAM 
TRANSFER, or SET 
encountered with 


CALL, PROGRAM 

SECONDARY ASN is 
tracing enabled and 
(1) the address of the trace-header 
address in location 84 does not 
specify a doubleword boundary, or 
(2) the trace-entry address in the 
trace header does not specify a 
32-byte boundary. 


The execution of the instruction identified 
by the old PSW is suppressed. However, for 
early PSW specification exceptions (causes 
9-11), the operation that introduces’ the 
new PSW is completed, but an interruption 
occurs immediately thereafter. 

Except as noted below, the ILC is 1, 2, 
3, designating the length of 
instruction causing the exception. 


or 
the 


When the instruction address is odd (cause 
1), it is unpredictable whether the ILC is 
15. 25> OL.-3 « 


When the exception is recognized because of 


an early PSW specification exception and 
the exception has been introduced by LOAD 
PSW or an interruption, the ILC is 0. When 
the exception is introduced by SET SYSTEM 
MASK or STORE THEN OR’ SYSTEM MASK, the ILC 
is 2. 


See the section "Exceptions ASsociated with 
the PSW" in this chapter for a discussion 
of when the exceptions associated with the 
PSW are recognized. 


Translation-Specification Exception 


A translation-specification exception is 


recognized whens: 


1. Bit positions 8-12 of control register 
0 donot contain one of the codes 
01000, 01010, 10000, or 10010. 


2. Bit positions 4-7 and 29-30 in a valid 
segment-table entry do not contain 
zeros. (On some models, these bit 
positions are ignored and not checked 
for zeros.) 


3. Bit position 14, when 2K-byte pages 
are used, or bit positions 13-14, when 
4K-byte pages are used, ina valid 


page-table entry do not contain zeros. 


The exception is recognized only as part of 
the execution of an instruction using 
address translation; that is, when DAT is 
on and an instruction encounters a logical 
address, instruction address, or virtual 
address, or when LOAD REAL ADDRESS is 
executed. Cause 1 is recognized on any 
translation attempt; causes 2 and 3 are 
recognized only for table entries that are 
actually used. 


The unit of operation is suppressed. 


When the exception occurs during a 
reference to an operand location, the 
instruction-length code (ILC) is 1, 2, or 3 
and indicates the length of the instruction 
causing the exception. 


When the exception occurs 
of an instruction, it is unpredictable 
whether the ILC is 1, 2, or 3. When the 
exception occurs during the fetching of the 
target of EXECUTE, the ILC is 2. 


during fetching 


Programming Note 


When a translation-specification exception 
is recognized in the process of translating 


an instruction address, the operation is 
suppressed. In this case, the 
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| Fay Se eg ae Pas ee NE Ba ae yf Oe SE ree, Fat eae T 

[ [ {Translation of [Translation of | 

( | [Translation of | Virtual Address |Logical Address | 
| {Logical Address|for LRA [for TPROT | 

| Se 

[Indic | Action [Indic | Action |Indic | Action | 


| Condition 
ee eee 


l I [ | 
| Invalid Seodaae of bits 8-12 | TS  cueeees| TS | sateccee| TS |Suppress| 
| [ I [ I I | [ 
|Segment—table entry | | | | 
|Segment—table—length violation {| ST  |Nullify | cc3 | Complete| cc3 |Complete| 
{Entry protected against fetching or [ - | — | — | _ [ —- | _ | 
| storing f | | ( [ | 
JInvalid address of entry | A |Suppress| A | Suppress| A |Suppress| 
II bit on | ST {Nullify | cc1 | Complete| cc3 |Complete| 
}One in an unassigned bit position? | TS |Suppress| TS | Suppress| TS  |Suppress| 
| | [ [ | l I | 
|Page-table entry | | | | | | 
|Page—table—length violation | PT |Nullify | cc3 | Complete| cc3 |Complete| 
JEntry protected for fetching or storing| —- | _ | —- | —_ | —- | _ | 
{Invalid address of entry | A |Suppress| A | Suppress| A |Suppress| 
{I bit on | PT |[Nullify | cc2 | Complete{ cc3 |Complete| 
{One in an unassigned bit position2 | TS |Suppress| TS [| Suppress| TS  |Suppress| 
| l [ I [ l | { 
|Access for instruction fetch | | | ] | | | 
[Location protected _ | P |Suppress| —- | _ | — | _ | 
[Invalid address | A |Suppress| —- | —_ | —- | — | 
| [ [ { I [ [ | 
[Access for operands I l [ l | { 
|Location protected | P | Term.* | — | — [cc set3(Complete| 
[Invalid address | A | Term.* | —- | — | A  |Suppress| 


Explanation: | 
| 

TS Translation—specification exception. | 
ST Segment—translation exception. | 
PT Page—translation exception. | 
A Addressing exception. | 
P Protection exception. | 
cc1 Condition code 1 set. | 
cc2 Condition code 2 set. | 
cc3 Condition code 3 set. | 
— The condition does not apply. | 
x Action is to terminate except where otherwise specified in this publication. | 
| 

translation—specification exception for an invalid code in control register 0, bit| 


positions 8-12, is recognized as part of the execution of the instruction using ad— | 
dress translation; when DAT is on, it is recognized during translation of the in— | 
Struction address, and, when DAT is off, it is only recognized during translation 
of the operand address of LRA. 


2 A translation-specification exception for a format error in a table entry is recoq— 
nized only when the execution of an instruction requires the entry for the transla— 
tion of an address. 


I 
| 
| 
| 
I 
| 
| 
[ 
| 
| 
| 
| 
| 
| 1 A 
| 
{ 
l 
| 
| 
l 
| 
l 
| 
| 3 The condition code is set as follows: 

| 0 Operand location not protected 

| 1 Fetches permitted, but stores not permitted 
{ 2 Neither fetches or stores permitted 


| 
| 
| 
{ 
I 
I 
| 
| 
| 
{ 
| 
J 


| 


Handling of Access Exceptions 


With two conditions of the same priority, an operand that crosses a page or 
it is unpredictable which is indicated. In protection boundary is unpredictable and is 
particular, the priority of access not necessarily related to the sequence 
exceptions associated with the two parts of specified for the access of bytes within 
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SSS SS ee Se 
8.A Specification exception due to conditions other than those included in 2, 5, 
and 7.D above. 


events, which result in completion. Either these conditions are mutually ex 
clusive or their priority is specified in the corresponding definitions. 

|——_—___-_—___-—__-—“—-—- .<  ————  —anKwnw—w—wv—eo mmf 
Explanation: 


7 
| [ 
| ( 
| | 
| 8.B* Access exceptions for an access to an operand in storage.5 | 
| | 
| 8.Cc* Access exceptions for any other access to an operand in main storage.5 [ 
l [ 
| 8.D Data exception. §& | 
| [ 
| 8.E Decimal—divide exception.’ | 
| | 
| 9. Fixed—point divide, floating-point divide, and conditions, other than PER | 
[ [ 
| | 


Numbers indicate priority, with "1" being the highest priority; letters indicate no 
priority. 


1 pSW errors which cause an immediate interruption may be introduced by a new PSW 
loaded as a result of an interruption or by the instructions LPSW, SSM, and STOSM. 
The priority shown in the chart is for a PSW error introduced by an interruption 
and may also be considered as the priority for a PSW error introduced by the pre— 
vious instruction. The error is introduced only if the instruction encounters no 
other exceptions. The resulting interruption has a higher priority than any in— 
terruption caused by the instruction which would have been executed next; it has a 
lower priority, however, than any interruption caused by the instruction which 
introduced the erroneous PSW. 


2 priorities 3, 4, and 5 are for the EXECUTE instruction, and priorities starting 
with 6 are for the target instruction. When no EXECUTE is encountered, priorities 
3, 4, and 5 do not apply. 


[ 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 3 Separate accesses may occur for each halfword of an instruction. The second in—- 
| struction halfword is accessed only if bits 0-1 of the instruction are not both 
| zeros. The third instruction halfword is accessed only if bits 0-1 of the in— 
| struction are both ones. Access exceptions for one of these halfwords are not nec— 
| essarily recognized if the instruction can be completed without use of the con— 
| tents of the halfword or if an exception of priority 8 or 9 can be determined 
| without the use of the halfword. 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

l 

| 

| 

| 

| 


* As in instruction fetching, separate accesses may occur for each portion of an 
operand. Each of these accesses is of equal priority, and the two entries 8.B 
and 8.C are listed to represent the relative priorities of exceptions associated 
with any two of these accesses. Access exceptions for INSERT STORAGE KEY, SET 
STORAGE KEY, RESET REFERENCE BIT, and LOAD REAL ADDRESS are also included in 8.B. 


S For MOVE LONG and COMPARE LOGICAL LONG, an access exception for a particular 
operand can be indicated only if the R field for that operand designates an 
even—numbered register. 


¢ The exception can be indicated only if the sign, digit, or digits responsible for 
the exception were fetched without encountering an access exception. 


7 The exception can be indicated only if the digits used in establishing the excep— 
tion, and also the signs, were fetched without encountering an access exception, 


and only if the digits used in establishing the exception are valid. 
Oa a nn sn nat 


Priority of Program—Interruption Conditions (Part 2 of 2) 
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The 
exceptions which are common 
of translating an ASN in 


ASN-translation exceptions are those 
to the process 
the instructions 


PROGRAM CALL, PROGRAM TRANSFER, and SET 
SECONDARY ASN. The exceptions and the 
priority in which they are detected are 


shown in the following figure. 


ee ee ee 
Ts Addressing exception for access 
to ASN-—first—table entry. 


2. AFX—translation exception due to 
I bit (bit 0) in ASN-first—table 
entry having the value one. 


3. ASN—translation—specification 
exception due to invalid ones 
(bits 1-7, 28—31) in ASN—first— 
table entry. 


4. Addressing exception for access 
to ASN—-secondtakle entry. 


5 ASX-—translation exception due to 
I bit (bit 0) in ASN—second— 


[ 
| 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
| 
| 
| 
[ 
[ 
[ 
table entry having the value one. | 
{ 
[ 
I 
[ 





6. ASN—translation—specification 
exception due to invalid ones 
(bits 1-7, 30, 31, 60-63, 97—103) 
in ASN—second—table entry. 
pga a ee ER EO | 


Priority of ASN-—Translation Exceptions 


Trace Exceptions 


exceptions are 
which can be encountered 
the implicit tracing function. The 
exceptions, except for PER storage 
alteration, and their priority are shown in 
the following chart. PER storage 
alteration is presented only if the 
instruction is completed. 


The trace those exceptions 


while performing 





Peart Rn eee oer comer e a 
Access exceptions (except for pro-| 
tection) for logical address 84. 


i 


2. Specification exception due to 
trace—header address in location 
84 not designating a doubleword 
boundary. 


Access exceptions (including low 
address protection) for first 
doubleword of trace header. 


tection) for third word of trace 
header. 


4. Specification exception due to 
trace—entry address in trace 
header not designating a 32—byte 
boundary. 


De Access exceptions (including low 
address protection for the trace 
entry. 


Gd 
r 
to 


| 
I 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
[ 
Access exceptions (except for pro—| 
[ 
[ 
[ 
| 
[ 
[ 
[ 
[ 
| 
| 
[ 
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Priority of Trace Exceptions 


INTERRUPTION 


rm A Aa canis 


restart interruption provides 
the operator or another CPU 
execution of a specified progran. 
CPU cannot be disabled for 
interruption. 


a means 
to invoke 
The 
this 


A restart interruption causes the old PSW 
to be stored at location 8 and a new PSH, 
specifying the start of the program to be 
executed, to be fetched from location 0. 
The instruction~-length code and 
interruption code are not stored in the EC 
mode. In the BC node, the 
instruction-length code in the PSW is 
unpredictable, and zeros are stored in the 
interruption-code field. 


If the CPU is in the operating state, the 
exchange of the PSWs occurs at the 
completion of the current unit of operation 
and after all pending interruption 
conditions for which the CPU is’ enabled 
have been taken. In this case, it depends 
on the model if the CPU temporarily enters 
the stopped state as part of the execution 
of the restart operation. If the CPU is in 


the stopped state, the CPU enters the 
Operating state and exchanges the PSWs 
without first taking any pending 


interruptions. 


The restart interruption 
activating the restart 


is initiated by 
key. In a 
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has an odd instruction address or causes an 
access exception to be recognized, another 
program interruption occurs. Since this 
second interruption introduces the same 
unacceptable PSW, a string of interruptions 
is established. These program exceptions 
are recognized as part of the execution of 
the following instruction, and the string 
may be broken by an external, I/o, 
machine-check, or restart interruption or 
by the stop function. 


If the new PSW for a program interruption 
contains a one in an unasSigned bit 
position of an EC-mode PSW, or if it 
specifies the EC mode in acCPpuvU that does 
not have the EC mode, or if it specifies 
any other facility that is not installed on 
the CPU, another program interruption 
occurs. This condition is of higher 
priority than restart, I/0, external, or 
repressible machine-check conditions, or 
the stop function, and CPU reset has to be 
used to break the string of interruptions. 


A string of interruptions for other 
interruption classes can also exist if the 
new PSW is enabled for the interruption 
just taken. These include machine-check 


interruptions, external interruptions, and 
I/O interruptions due to PCI conditions 
generated because of CCWs which form a 
loop. Furthermore, a string of 
interruptions involving more than one 
interruption class can exist. For example, 
assume that the CPU timer is negative and 
the CPU-timer subclass mask is one. If the 
external new PSW has a one in an unassigned 
bit position in the EFC mode, and the 
program new PSW is enabled for external 
interruptions, then a string of 
interruptions occurs, alternating between 
external and program. Even more complex 
strings of interruptions are possible. As 
long as more interruptions must be 
serviced, the string of interruptions 
cannot be broken by employing the_ stop 
function; CPU reset is required. 


Similarly, CPU reset has to be invoked to 
terminate the condition that exists when an 
interruption is attempted with a prefix 
value designating a storage location that 
is not available to the CPU. 


On some models, when an excessive string of 
consecutive interruptions is detected which 
cannot be broken by means of the stop 
function, the CPU enters a special state 


that can be exited only by use of CPU 
reset. 
Interruptions for all requests for which 


the CPU is enabled are taken before the CPU 
is placed in the stopped state. When the 
CPU is in the stopped state, restart has 
the highest priority. 


Programming Note 


The order in which concurrent interruption 
requests are honored can be changed to some 
extent by masking. 
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CHAPTER 7. GENERAL INSTRUCTIONS 


Data Format cecccccccccccccccccccccccccccc ccc ccccce ccc cerc cc ccecs 
Binary-Integer REPLeSent ation .wcccccccrecccescccascrccescaseccens 
Signed and Unsigned Binary Arithmetic 2... ccc ccc cece ccc cc ccccee 
Signed and Logical CompariSon ...cccccecccccccccccccccccccccccces 
TNS CLUCEION S. 6é.wie ww aie ehe ewe oeias 6 eee eae wre eNe onde Geis 6 2S wo oes SS o's Ses 


e 
aa Pa oe ie 


ADD @e@eeaoeeeaeeeaee@eeaeaeee*enweeeweeeeeeeeeseeeaoeaeeweeeeeseeeseeeeeeeeneweeeeesteeeweee 
ACD HALFWORT ea@g@eaeeeaee¢@ees#se¢eeeae#2eseeeeseeeaeeaonwmeeeeeeeeenseseaeeaeeeeeeeweeaeeeeeoesws@e 


ADD LOGICAL eeeeeaeeesee#seeeeenw3neeeeeaeenkeeneeeeaeseseteeenteaePseeeeePseeeeoweeeeeese 


AND @®ee oeoeeweeaeeweene*aaesoeowenmaeeeseeeweneseeeneensesteeweeeeeaeeneteeseeeeeeteeeewpeeeeeweenrteeoeeoese 


BRANCH AND LINK cece ccc ccccccccccce cccccccccccccccc cc ccccccecen 
BRANCH AND SAVE wcccccccccccccccccccecccccccs ccs ccc cccccccccce 
BRANCH ON CONDITION ccccccncc ccc cere eccccecccccccececescecccees 0 
BRANCH ON COUNT <6ccuces ocs6060 SOs Sei seesaw ei e sete eee eee tice Secee (aN 
BRANCH ON INDEX HIGH sc scascasiedeeeeS Cine te tweeGeeeesae ecesese J 14 
BRANCH ON INDEX LCW OR EQUAL. 22 ccc csedceeecesecciceeecesccesc wes 7-11 
COMPAR © c:c-5: lve \awGceie aievera eco ewe, o06@ eS ee eleies See aie wale wwe eww Ge Saree ae Ta 12 
COMPARE: AND (SWAP: 6.c6-ware.6 G05 066-6 6 S,6-6 i Ge ew wow 0 Sie lelere Ww ele etSee ew orale ee ee 212 
COMPARE DOUEBLE AND SWAP pe Qirete eave Valeo Bibel aioe Sears SOS Sete eae wl eaewuew TZ 
COMPARE HALEFRORD: so :o:s-s:0:sewinw e'Swie 6 ei 6. oWie'a sie S eie Soe Bee e weed @ 5 a eae ee we 1 19 
COMPARE LOGICAL, <2 56 see's cies oars ew wets wee w See ein ee Sue be wee sae ee ew to 1 
COMPARE LOGICAL CHARACTERS UNDER MASK .ccccccccccccccccccccccce (-15 
COMPARE LOGICAL LONG cccccccacnce nn ccnccsccscscssesccscccssenes I-15 
CONVERT TO BINARY ccc c ccc ccc ccc cc ccc cc ccc ccc c cc ccc ccc eeccccse I-11] 
CONVERT TO DECIMAL wc cccccccccccccccccccccccscccccaccccccacccce (1) 
DIVIDE isis weve Sow ei ese Gee Sarde So Gee, eos eS es ie ee oie alee ce cee son — 18 
EXCLUSIVE OR cocccccc cc ccccc ccc cnc ener ccc c ccc s ccs cc sccccncccee I-18 
EXECULE: 3 c:4:s006 Ge G we ae we WiecGu S66 66 6h. eeee e626 Cece See eee esse I-19 
TNSERT: \CHARACT ER: s4.0ouic5cs Sawin s 6 a 6e eee eee Ge cea ws ewe See Sees 1720 
INSERT CHARACTERS UNDER MASK o4 cccccccccccccccccccccsccsccsccse I-20 
LOAD. G06 w ibis sa Ss eee SSS ese Ne SOR Se we eS SG ee ees we eee See eee ee FOZ 
LOAD: ADDRESS c:ce:0s 00-0005 00's 'n sid Sew oe si ewite wees 06ee es 6.6 ease eewee a T= 21 
LOAD AND TEST sccc wee ccc e 6c eb eens S See eee eis eae e Sewers ae ee eae wee I-21 
LOAD COMPLEMENT ial eG Wire iah ewer ea: eevee ee ela eyese eee ecate aha Beales Rare Sete Pees 
LOAD HALFWCRD cnccccnccrcccccccccne ccc cece cc cc ers cecasescccccae I-22 
LOAD MULTIPLE wccccccccccc crc cece cccccccccnc cers ccc ccc ccccsces I-22 
LOAD NEGATIVE ccccccccccc ccc c esc cc wesc cece ssascn nc ececccsnaesese I-23 
LOAD POSITIVE ccccccccccc cc cee a etc cscce sce sce eeesecenesacezecses I~23 
MONT TOR CALL ccc cccec cence ccc cc ce ccc cc cence neces scence cc cceneese I-23 
MOVE ccc cwc ccc ccccccccceccccc cc aces ccc c cece cc ccc cc cc ccc ccccscce I~ LY 
MOVE INVERSE eccccccc cc wcc cee ccc newer cc cccc ce sc cs caccecccncncce 12H 
MOVE LONG ccccc cee ccc er cccc ccc c ccc csc cec ccc scenes ccencaccccssaes 1-25 
BOVE NUMERICS: «<so0se65 6. tee iGcsee Geo eee Se sGS 6 dae wed ese wewewerl eT 
MOVE WITH OFFSET ccccnccccccccncccccccccccccs ccc cescccccccccccces 1728 
MOVE ZONES cuccccccccc ccc ccc nec c ec ene tee ea eee ee nc aetcesanmeene IMD 
MULTIPLY cccccccccvccccccnc ccc ccc ce ccne cece e sc ec esc asaccaasancce 1729 
MULTIPLY HALFWCRD ccccccncc nc cccccccccc ceases ence cacaaasanascce I~DI 


OR @®eeee#eeeoee2se¢eeeaeeeoeq@geensteeeeereeoeewreeeeeeseeaeeseeeeeeeeeee Scere: Gi ees era ates eer re OU 


I 
2NO NO oOoO~7YFE &WNNDN 


PACK Sle a staat else ier ee he ec th eee tes eet ease ore Stee iG bale eS Ww whee eB eee SSR OO 


SET PROGRAM MASK cccccccccc cece cae ccc cccccc nc ccc cc cccscccccccce I-31 
SHIFT LEFT DOUBLE concen cccccc cas cccccccce cc cccaacennscceccces I-32 
SHIFT LEFT DOUBLE LOGICAL ceccewccccc creer ccc cccccacccccescecee /—32 
SHIFT LEFT SINGLE w6sdw saci eeis ots Se eele eS eet eee w ec ce S we see cee 1-33 
SHIFT LEFT SINGLE LOGICAL ccc cccnccccc cece ancccccccccccccsceces I~ 33 
SHIFT RIGHT DOUBLE wcccccnccccccnccccccscccccccccccsccsncccsnces I~ 34 
SHIFT RIGHT DOUBLE LOGICAL ....-..2.2.22e.22- 2220 eters acweceas JOU 
SHIFT RIGHT SINGLE cw cccccc crc ncceccccccccccccccccccccccccscee I-34 
SHIFT RIGHT SINGLE LOGICAL ence ecccacccccce ccccccccncccccscccee 1735 
STORE ecccnwesccscccccrcccccc cc ccc cece seca c cscs esacccccnccsccece 17-35 
STORE CHARACTER wccccccccnccccccsececcccccecc esas cnccccvcccesces IW39 
STORE CHARACTERS UNDER MASK 2 cccccccccsccccccccccscccccccsccsece I-35 
STORE CLOCK wccccccecc ccc cc as ac cscceccccccc crc ccccccccseccesees I-36 
STORE HALFRORD wade cc ce dees ents e ce cc cc ices a eeees cccsesosccseeee 1-37 
STORE MULTIPLE | 2a ose tie ernie ie 6 ism os 6 S10 tit o's SiS Se were e's we eee e's see cee J—3T 
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complement of the maximum negative number, 
the result is the maximum negative number, 
and a fixed-point-overflow exception is 
recognized. An overflow does not result, 
however, when the maximum negative number 
is complemented as an intermediate result 


but the final result is within the 
representable range. An example of this 
case is a subtraction of the maxinun 
negative number from minus one. The 


product of two maximum negative numbers is 
representable as a double-length positive 
number. 


In discussions of signed binary integers in 
this publication, a siqned binary integer 
includes the Sign bit. Thus, the 
expression "32-bit signed binary integer" 
denotes an integer with 31 numeric bits and 
a sign bit, and the expression "64-bit 
Signed binary integer" denotes an integer 
with 63 numeric bits anda sign bit. 


In some operations, the result is achieved 


by the use of the one's complement of the 
number. The one's complement of a number 
is obtained by inverting each bit of the 


number. 


In an arithmetic operation, 
the numeric field of a signed binary 
integer changes the sign. However, in 
algebraic left-shifting the sign bit does 
not change even if Significant high-order 
bits are shifted out. 


a carry out of 


Programming Notes 


1. An alternate way of forming the two's 
complement of a signed binary integer 
is to invert all bits to the left of 
the rightmost one bit, leaving the 
rightmost one bit and all zero bits to 
the right of it unchanged. 


2. The numeric bits of a signed binary 
integer may be considered to represent 
a positive value, with the sign 
representing a value of either zero or 
the maximum negative number. 


SIGNED AND 


Addition of signed binary integers is 
performed by adding all bits of each 
operand, including the sign bits. When one 
of the operands is shorter, the shorter 
operand is considered to be extended on the 
left to the length of the longer operand by 
propagating the sign-bit value. If the 
carry out of the Sign-bit position and the 
carry out of the high-order numeric bit 
position disagree, an overflow occurs. The 


sign bit is not changed after the overflow. 


Subtraction is performed by adding the 
one's complement of the second operand and 
a low-order one to the first operand. 


Signed addition and subtraction produce an 
overflow when the result is outside the 
range of representation for signed binary 
integers. Specifically, for ADD and 
SUBTRACT, which operate on 32-bit signed 
binary integers, there is an overflow when 
the proper result would be greater than or 
equal to +231 or less than -23!. The 
actual result placed in the general 
register after an overflow differs from the 
proper result by 232. An overflow causes a 
program interruption for fixed-point 
overflow if it is allowed. 


Addition of unsigned binary integers is 
performed by adding all bits of each 
operand. When one of the operands is 
shorter, the shorter operand is considered 
to be extended on the left with zeros. 
Unsigned binary arithmetic is used in 
address arithmetic for adding the X, B, and 


D fields. It is also used to obtain the 
addresses of the function bytes in the 
instructions TRANSLATE and TRANSLATE AND 
TEST. Furthermore, unsig ned binary 
arithmetic is used on 32-bit unsigned 
binary integers by the instructions ADD 
LOGICAL and SUBTRACT LOGICAL. Given the 
same two operands, ADD and ADD LOGICAL 
produce’ the Same 32-bit result. The 
instructions differ only in the 
interpretation of this result. ADD 


interprets the 
integer and 


result as a signed binary 
inspects it for sign, 
magnitude, and overflow to set the 
condition code accordingly. ADD LOGICAL 
interprets the result as an unsigned binary 
integer and sets the condition code 
according to whether the result is zero and 
whether there was a carry out of the 
high-order bit position. Such a carry is 
not necessarily considered an overflow, and 
no program interruption can occur for ADD 
LOGICAL. 


SUBTRACT LOGICAL differs fron 
in that the one's complement of the second 
operand and a low-order one are added to 
the first operand. 


ADD LOGICAL 


Programming Notes 


1. Logical addition 
be used to 


and subtraction may 
program multiple-precision 


arithmetic. Thus, for multi ple- 
precision binary-integer addition, ADD 
LOGICAL is used to add the 


corresponding lower-order parts of the 
operands. If the condition code 
indicates a carry, a one is added to 
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_ St SSS er ee 
| |Mne— | | Op | 
Name | monic| Characteristics |Code | 
t-————— +t or Oo HT A 
| ADD {AR JRR C | | IF | R [1A | 
| ADD | A {RX C | A | IF | R | 5A | 
|ADD HALFWORD | AH [RX C | A | IF | R | 4A | 
{ADD LOGICAL | ALR JRR C | | | R 1E | 
{ADD LOGICAL | AL [RX C | A | | R | 5E | 
-——_ SUSE ERR Sen Seen Sn SO ne 
| AND | NR IRR C | | | R 114 | 
{| AND | N [RX Cc | A | | R , 54 | 
[AND (character) | NC Iss Cc { A | | ST| D4 | 
[AND (immediate) | NI ISI Cc | A | STI 94 
| BRANCH AND LINK |BALR |RR | | |B R | 05 | 
cad SE Se ne Pe Se: Pn Ge | 
|BRANCH AND LINK | BAL | RX | | |B R 45 { 
| BRANCH AND SAVE {BASR |[RR BS | | {B R OD | 
| BRANCH AND SAVE {BAS | RX BS| | |B R | 4D | 
| BRANCH ON CONDITION {BCR |RR | | gi |B | 07 | 
{BRANCH ON CONDITION | BC [RX | | |B | 47 | 
——— —_——_->—_+-——_—_—__-+- ett 
| BRANCH ON COUNT |BCTR | RR | | |B R | 06 | 
|BRANCH ON COUNT | BCT | RX | | |B R 46 | 
| BRANCH ON INDEX HIGH | BXH [RS | | |B R | 86 | 
| BRANCH ON INDEX LOW OR EQUAL |BXLE [RS | | |B R | 87 | 
| COMPARE {CR |RR Cc | | | {19 | 
-——_—_—_—_ OO OOO IE eee ss _lwO nm ee ee I I 
| COMPARE {Cc [RX Cc | A | | | 59 | 
|COMPARE AND SWAP {cS IRS Cc SW A SP | $ | R ST|BA | 
|COMPARE DOUBLE AND SWAP |CDS IRS Cc SWI A SP | $ | R ST|BB | 
|JCOMPARE HALFWORD | CH {RX C | A | | | 49 | 
|COMPARE LOGICAL | CLR JRR C | | | 115 | 
-——_—_-_--—_—_—_—_— OO OO Et I 
{COMPARE LOGICAL | CL {RX C | A | | ,55 
| COMPARE LOGICAL (character) | CLC Iss Cc | A | | | D5 
[COMPARE LOGICAL (immediate) | CLI IST Cc | A | | | 95 
|COMPARE LOGICAL CHARACTERS UNDER MASK|CLM IRS Cc | A | | | BD 
|COMPARE LOGICAL LONG {CLCL |FR C | A SP | II | R | OF 
SS cE Sn Sa Sn Sn Semen He 





{CONVERT TO BINARY |CVB |RX | A | IK { R | 4F 
|CONVERT TO DECIMAL [CVD |RX | A | | ST| 4E 
| DIVIDE [DR [FR | SP | IK | & | 1D 
| DIVIDE | D | RX | A SP| IK | & | 5D 
JEXCLUSIVE OR {XR JFR C | | | R [17 
+—— $$} 4} 44+ + 
[EXCLUSIVE OR |X [RX C | A [ {| | 57 
J|EXCLUSIVE OR (character) | xc Iss ¢ | A [ | ST| D7 
[EXCLUSIVE OR (immediate) | XI ISI Cc | A | | ST| 97 
[EXECUTE | EX [RX [ AI SP| EX | | 44 
{INSERT CHARACTER | IC | RX | A | | R [43 


SE ES SS ATES 


|——_ 
[INSERT CHARACTERS UNDER MASK 


| LOAD 
| LOAD 


[LOAD ADDRESS 


[LOAD AN 
renee 


D TEST 


| ICM 
[LR 
|L 
[LA 
| LTR 


[RS | | 
[RR | I 
| RX | A | 
[RX | | 
|FR | | 


Summary of General Instructions (Part 1 of 3) 
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General Instructions 
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SS SS SS a Se 
| [Mne— | | Op | 
| Name | monic| Characteristics |Code | 
ae RE —____—__—_—_ oo ot Oot 
| TRANSLATE AND TEST | TRT Iss Cc | A | | R | DD | 
| UNPACK |UNPK [SS | A | | ST| F3 | 
(a a a, a a ee, aes Lees ane | 
|Explanation: | 
| A Access exceptions for logical addresses { 
| AI Access exceptions for instruction address | 
| B PER branch event | 
| BS Branch—and—save feature | 
| c Condition code is set | 
| D Data exception | 
| EX Execute exception | 
| IF Fixed—point—overflow exception { 
| II Interruptible instruction | 
| IK Fixed—point—divide exception { 
| L New condition code loaded | 
| MI Move—inverse feature | 
| MO Monitor event { 
| R PER general-register—alteration event | 
| RR RR instruction format | 
| RS RS instruction format | 
| RX RX instruction format | 
| s S instruction format | 
| SI SI instruction format | 
| SP Specification exception | 
{| sS SS instruction format | 
| ST PER storage—alteration event | 
| SW Conditional—Swapping feature | 
| $ Causes serialization | 
| ¢ Causes serialization and checkpoint synchronization | 
{| ¢1 Causes serialization and checkpoint synchronization when the M, and Roz | 
| fields contain all ones and all zeros, respectively [ 
eee cena ees | 


Summary of General Instructions (Part 3 of 3) 


ADD 


—_—_ 
‘Sat { 


Ra, Da (X2,Ba) [RX] 


a Smee cama cra cae ae aro, 
Ra | Xa | Boa | Da [ 


Une SD ee ee es ee 


0 8 12 16 20 31 

The second operand is added to the first 
operand, and the sum is placed in the 
first-operand location. The operands and 


the sum are treated as 32-bit signed binary 
integers. 


An overflow causes a program interruption 
when the fixed-point-overflow mask bit is 
one. 


0 Sum 1S zero 

1 Sum is less than zero 

2 Sum is greater than zero 
3 Overflow 


Program Exceptions: 


Access (fetch, operand 2 of A only) 
Fixed-Point Overflow 


ADD HALFWORD 


AH Ra - Da (Xa,Ba) [RX] 

SS ee ee ee 

[| ‘'GA*" [ Ra | Xo { Ba | Da | 
eee: enn eet seein i _s 

0 8 12 16 20 31 

The second operand is added to the first 
operand, and the sum is’ placed in the 


first-operand location. The second operand 
is two bytes in length and is treated as a 
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C 





Programming Notes 


— 


1. An example of the use of the AND 


instruction is given in Appendix A. 


2. The instruction AND may be used to set 
a bit to zero. 


3. Accesses to the first operand of NI 
and Nc consist in fetching a 
first-operand byte from storage and 
subsequently storing the updated 
value. These fetch and store accesses 
to a particular byte do not 
necessarily occur one immediately 
after the other. Thus, the 


instruction AND cannot be safely used 
to update a location in storage if the 
possibility exists that another CPU or 
a channel may also be updating the 
location. An example of this effect 
is shown for the instruction OR (OT) 
in the section "Multiprogrammingqg and 
Multiprocessing Examples" in Appendix 
A. 


BRANCH AND LINK 





BALR Ra, Ra [RR] 

SSS ee 

[ "05" | Ra | Ro | 
LL 

0 8 12 15 

BAL Ry , Da (X2,Ba) [RX] 

Se eens eo aaa: ana: en mea aaa 
f "45% | Ra | Xo I Ba | Da l 
to ee dh 2 ee | 
0 8 12 16 20 31 


Information from the current PSW, including 
the updated instruction address, is loaded 
as link information in the general register 
designated by Ra. Suksequently, the 
instruction address is replaced by the 
Bcanch address. 


In the RX format, the second-operand 
address is used as the branch address. In 
the RR format, bits 8-31 of the general 
register designated by Rs are used as the 
branch address; however, when the ag field 


contains zeros, the operation is performed 
Without branching. The branch address is 
computed before the link information is 
loaded. 

The link information consists of the 
instruction-length code (ILC), the 
condition code (CC), the program mask bits, 
and the updated instruction address, 


arranged in the following format: 


a ee ee gr ee ena ee en 
| | {Prog | { 
{ILC|CC{Mask [{ Instruction Address | 
ee a ee i ee | 
0 2 4 8 31 


The instruction-length code is 1 or 2. 


Condition Code: The code remains 
unchanged. 

Program Exceptions: None. 

Programming Notes 

1. An example of the use of BRANCH AND 
LINK is given in Appendix A. 

2. When the Rg field in the RR format 
contains all zeros, the link 
information is loaded without 
branching. 

3. When BRANCH AND LINK is the target 
instruction of EXECUTE, the 


instruction-length code is 2. 


4 The format and the contents of the 
link information do not depend on 
whether the PSW specifies the EC or BC 


mode. In both modes, the link 
information is in the format of the 
rightmost 32 bit positions of the 
BC-mode PSW. 

BRANCH AND SAVE 

BASR R. ,Ro [RR] 

| "OD* { Ra | Ro 1 

RRR Ae eee: eres | 

0 8 12 15 

BAS Ra »Da (Xo Ba) [ RX] 

ep Ep ee ae pe ee 

| "4D" | Ra | Xo { Bo | Da { 

a eee 

0 8 12 16 20 31 

The updated instruction address, with eight 

high-order zeros appended, is saved as link 

information in the general reaqister 

designated by Ry. Subsequently, the 

instruction address is replaced by the 


branch address. 


In the RX format, the second-operand 
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4. Execution of BCR 15,0 (that is, an 
instruction with a value of O7FO hex) 
may result in significant performance 
degradation. To ensure optimun 
performance, the program should avoid 
use of BCR 15,0 except in cases when 
the serialization or the 
checkpoint-synchronization function is 
actually required. 


5. Note that the relation between the RR 


and RX formats in tranch-address 
specification is not the same as in 
operand-address specification. For 


branch instructions in the RX format, 
the branch address is the address 
specified by Xa, Ba, and Da; in the RR 
format, the branch address is 
contained in the register specified by 
Ro. For operands, the address 
specified by Xa, Bea, and Dz is the 
operand address, but the register 
specified by Rs contains the operand 
itself. 


BRANCH ON COUNT 


BCTR Ry ,Ra [ RR] 
Ea anaes: maanmeimaae | 

| "06" | Ra J Ra | 
ee 

0 8 12 15 

BCT Ra» Da (X2,Ba) [RX] 

Se nr ke ase 
| ‘4e® | Ra | Xa | Boa | Da | 
i i i ii 
0 8 12 16 20 31 


A one is subtracted from the first operand, 
and the result is placed in the 
first-operand location. The first operand 
and result are treated as 32-bit binary 
integers, with overflow ignored. When the 
result is Zero, normal instruction 
sequencing proceeds with the updated 
instruction address. When the result is 
not zero, the instruction address in the 
current PSW is replaced by the branch 
address. 


In the RX format, the second-operand 
address is used as the branch address. [In 
the RR format, the contents) of bit 


positions 8-31 of the general register 
specified by Ra are used as the. branch 
address; however, when the Ra field 


contains zeros, the 
without branching. 


operation is performed 


The branch address is computed before the 
counting operation. 


Condition Code: The code remains 
unchanged. 
Program Exceptions: None. 
Programming Notes 
1. An example of the use of BRANCH ON 


COUNT is given in Appendix A. 


result can be 
either Signed or 
integers Since the 

subtraction is the 


2. The first 
considered as 
unsigned binary 
result of a binary 
same in both cases. 


operand and 


3. An initial count of one results in 
zero, and no branching takes place; an 
initial count of zero results in -1 
and causes branching to be executed; 
an initial count of -1 results in -2 
and causes branching to be executed; 
and so on. Ina loop, branching takes 


Place each time the instruction is 
executed until the result is again 
Zero. Note that, because of the 


number range, an initial count of -231 


results in a positive value of 
231 - 1. 
4. Counting is performed without 


branching when the Rg field in the RR 


format contains zero. 


BRANCH ON INDEX HIGH 


BXH Ra ¢Ra Da (Ba) [RS] 
coc Ne ee Oe a eel 
1 "86" | Ra [| Ra I Ba | Da | 


eee (een! (ORNAMN REN! (Seer eA, (sane ecanenets Ulretar me 
0 8 12 16 20 31 


BRANCH ON INDEX LOW OR EQUAL 


BXLE Ra 7R3,Da (Ba) [RS] 
SSS eae 
{ "87" { Ry | Ra | Ba 1 Do | 


(an a a es nce Rennes! 
0 8 12 16 20 31 


An increment is added to the first operand, 


and the sum iS compared with a compare 
value. The result of the comparison 
determines whether branching occurs. 


Subsequently, the sum is placed in the 
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For CS, the first and third operands are 32 
bits in length, with each operand occupying 
a general register. The second operand is 
a word in storage. 

the first and third 


For CDS, operands are 


64 bits in length, With each operand 
occupying an even-odd pair of general 
registers. The second operand is a 


doubleword in storage. 


When the result of the comparison is 
unequal, the secon d-operand location 
remains unchanged. However, on sone 
models, the value may be fetched and 
subsequently stored back into the 
second-operand location. No access by 
another CPU to the second-operand location 
is permitted between the moment that the 


second operand is fetched for comparison 
and it is stored. 
When an equal comparison occurs, no access 


by another CPU to the second-operand 


location is permitted between the moment 
that the second operand is fetched for 
comparison and the moment that the third 


operand is stored at the second-operand 


location. 


Serialization is performed before the 
operand is fetched, and again after the 
operation is completed. CPU operation is 
delayed until all previous accesses by this 
CPU to storage have been completed, as 
observed by channels and other CPUs, and 


then the second operand is fetched. No 
subsequent instructions or their operands 
are accessed by this CPU. until the 


execution of this instruction is completed, 
including placing the result value, if any, 
in storage, aS observed by channels and 
other CPUs. 


The second operand of CS must be designated 





on a word boundary. The Rq and Rs fields 
for CDS must each deSignate an even 
register, and the second operand for CDS 
hnust be designated on a doubleword 
boundary. Otherwise, a specification 
exception is recognized. 
Resulting Condition Code: 

0 First and second operands equal, 


second operand replaced by third 


operand 

1 First and second operands unequal, 
first operand replaced by second 
operand 

2 = 

3 es 


Program Exceptions: 
Access (fetch and store, operand 2) 
Operation (if the conditional-swapping 

feature is not installed) 
Specification 


Programming Notes 


‘Is 


Several examples of the use of the 
COMPARE AND SWAP and COMPARE DOUBLE 
AND SWAP instructions are given in 


Appendix A. 


The 
programs sharing common 
in 
multiprocessing 


CS can be used by 
storage areas 
nultiprogramming or 
environment. Two 


instruction 


either a 


examples are: 


ae 
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BY performing the following 
procedure, a program can modify 
the contents of a storage location 
even though the possibility exists 
that the program ma y be 
interrupted by another program 
that will update the location or 
even though the possibility exists 
that another CPU may sSimulta- 
neously update the location. 
First, the entire word containing 
the byte or bytes to be updated is 
loaded into a general register. 
Next, the updated value is 
computed and placed in another 
general register. Then the 
instruction CS is executed with 
the Ry field designating the 
register that contains the 
original value and the Rs, field 
designating the register that 
contains the updated value. If 
condition code 0 is set, the 
update has been successful. Ba 
condition code 1 is set, the 
storage location no longer 
contains the original value, the 
update has not been successful, 
and the general register 
designated by the R, field of the 
CS instruction contains the new 
current value of the storage 
location. When condition code 1 
is set, the program can repeat the 
procedure using the new current 
value. 


The instruction CS can be used for 


controlled sharing of a common 
storage area ina manner similar 
to that described in the 
programming note under TEST AND 
SET, but it provides the added 
Capability of leaving a message 
when the common area isin use. 
To accomplish this, a word in 


storage can be used aS a control 


word, with a zero value in the 
word indicating that the common 
area is not in use, a negative 


value indicating that the area is 
in use, anda nonzero. positive 
value indicating that the common 
area is in use and that the value 
is the address of the most recent 


7-13 


CLC Da (L, Ba), Da (Ba) [ss] 


oo or TS OT eT 
| ‘'D5' | L [ Bs | Da I Ba tl Da | 
Pa ed fd 


0 8 16 20 32 36 47 


The first operand is compared with the 
second operand, and the result is indicated 
in the condition code. 


The comparison proceeds left to right, byte 
by byte, and ends as soon as an ineguality 
is found or the end of the fields is 
reached. For CL and CLC, access exceptions 
may or may not be recognized for the 
portion of a storage operand to the right 
of the first unegual byte. 


0 Operands are egual 

1 First operand is low 
2 First operand is high 
3 


Program Exceptions: 


Access (fetch, operand 2, CL and CLC; 
fetch, operand 1, CLI and CLC) 


Programming Notes 


COMPARE 
given in 


1. Examples of the use of the 
LOGICAL instructions are 
Appendix A. 


2. The COMPARE LOGICAL instructions treat 
all bits of each operand alike as part 
of a field of unstructured logical 
data. For CLC, the comparison nay 
extend to field lengths of 256 bytes. 


COMPARE LOGICAL CHARACTERS UNDER MASK 


CLM Ra ¢ Ma, Da (Ba) [RS] 


i Pie: ne Sane jin 
| "BD! | Ra | Ma | Ba | Da | 
a i 


0 8 12 16 20 31 


The first operand is compared with the 
second operand under control of a mask, and 
the result is indicated in the condition 
code. 


The contents of the Mz, field are used as a 
mask. These four bits, left to right, 
correspond one for one with the four bytes, 
left to right, of the general register 
designated by the R, field. The byte 


positions corresponding to ones in the mask 
are considered as a contiguous field and 
are compared with the second operand. The 
second operand is a contiguous field in 
storage, starting at the second-operand 
address and equal in length to the number 
of ones in the mask. The bytes in the 
general register corresponding to zeros in 
the mask do not participate in the 
operation. 


The comparison proceeds left to right, byte 
by byte, and endS aS _ soon as an inequality 
is found or the end of the fields is 
reached. 


When the mask is not zero, 
associated with storage-operand 
recognized for no more than the number of 
bytes specified by the mask. Access 
exceptions may or may not be recognized for 
the portion of a storage operand to the 
right of the first unequal byte. When the 
mask is zero, access exceptions are 
recognized for one byte. 


exceptions 
access are 


Resulting Condition Code: 


0 Selected bytes are equal, or mask 


is zero 

1 Selected field of first operand is 
low 

2 Selected field of first operand is 
high 


3 -—— 


Program Exceptions: 





Access (fetch, operand 2) 


Programming Note 


An example of the use of COMPARE LOGICAL 
CHARACTERS UNDER MASK is’ given in Appendix 
A. 


COMPARE LOGICAL LONG 


CLCL Ra Ra [RR] 


Seas 
| "OF" [| Ra | Ra I 
es Cee Seeecee 


0 8 12 15 


The first operand is compared with the 
second operand, and the result is indicated 
in the condition code. The shorter operand 
is considered to be extended on the right 
with padding bytes. 

The Ra and Ra 


fields each specify an 
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reqisters having the Same contents are 
specified, and, in the absence of 
dynamic modification of the operand 
area by another CPU or ae channel, 
condition code 0 is set. However, it 
is unpredictable whether access 
exceptions are recognized for the 
operand since the operation can be 
completed without storage being 
accessed. 


3. Other programming notes concerning 
interruptible instructions are 
included in the section "Interruptible 
Instructions" in Chapter 5, “Program 
Execution." 


4. Special precautions should be taken 
when COMPARE LOGICAL LONG is made the 
target of EXECUTE. See the progran- 
ming note concerning interruptible 
instructions under EXECUTE. 


CONVERT TO BINARY 


CVB Ra, Da (Xa,Ba) [RX ] 


Ooo ees} 
| ‘Ft | Ra | Xa | Bo | Da 1 
ee ee ee Le eee eee eee eee | 


0 8 12 16 20 31 


The second operand is’ changed from decinal 
to binary, and the result is placed in the 
first-operand location. 


The second operand occupies eight bytes in 
storage and is treated as packed decimal 
data, aS described in Chapter 8, "Decimal 
Instructions." It is checked for valid 
sign and digit codes, and a data exception 
is recognized when an invalid code is 
detected. 


The result of the conversion is a 32-bit 
Signed binary integer, which is placed in 
the general register specified by R,. The 
maximum positive number that can be 
converted and still be contained in a 
32-bit register is 2,147,483,647;3 the 
maximum negative number (the negative 
number with the greatest absolute value) 
that can be converted is -2,147, 483,648. 
For any decimal number outside this range, 
the operation is completed by placing the 
32 low-order bits of the Einary result in 
the register, and a fixed-point-divide 
exception is recognized. 

Condition remains 
unchanged. 


Code: The code 


Program Exceptions: 


Access (fetch, operand 2) 


Data 
Pixed-Point Divide 


Programming Notes 





1. An example of the use of CONVERT TO 
BINARY is given in Appendix A. 


2. When the 
the result is in 
notation. 


second operand is negative, 
two's-complement 


CONVERT TO DECIMAL 


CYD Ra e Da (Xa Ba) [ RX] 


er pe ee a Bee a ee 
[| ‘4E" | Ra | Xa 1 Ba |{ Da I 
ee ee! ee Lee! ee | eh an | 


0 8 12 16 20 31 


The first operand is changed from binary to 
decimal, and the result is stored at the 
second-operand location. The first operand 
is treated as a 32-bit signed binary 
integer. 


The result occupies eight bytes in storage 
and is in the format for packed decimal 
data, as described in Chapter 8, "Decimal 
Instructions." The low-order four bits of 
the result represent the sign. A positive 
Sign is encoded as 1100; a negative sign is 
encoded as 1101. 


Code: The code remains 


Program Exceptions: 


Access (store, operand 2) 


Programming Notes 
1- An example of the use of CONVERT TO 
DECIMAL is given in Appendix A. 


2- The number to be converted is a 32-bit 
Signed binary integer obtained froma 


general register. Since 15 decimal 
digits are available for the result, 
and the decimal equivalent of 31 bits 


requires at most 10 decimal digits, an 
overflow cannot occur. 
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1. An example of the use of EXCLUSIVE OR 
is given in Appendix A. 


2. The instruction EXCLUSIVE OR may be 
used to invert a bit, an operation 
particularly useful in testing and 
setting programmed binary bit 
switches. 

itself 


3. A field EXCLUSIVE-ORed with 


becomes all zeros. 


4. For XR, the sequence A EXCLUSIVE-OR B, 
B EXCLUSIVE-OR A, A EXCLUSIVE-OR’ B 
results in the exchange of the 
contents of A and B without the use of 
an additional general register. 


5. Accesses to the first operand of (XI 
and XC consist in fetching a 
first-operand byte from storage and 
Subsequently storing the updated 
value. These fetch and store accesses 
to a particular byte do not 
necessarily occur one immediately 
after the other. Thus, the 
instruction EXCLUSIVE OR cannot be 


safely used to update a location in 
storage if the possibility exists that 
another CPU} or a ochannel may also be 
updating the location. An example of 
this effect is shown for the 
instruction OR (OI) in the section 
"Multiprogramming and Multiprocessing 
Examples" in Appendix A. 


EX ECUTE 


EX Ra, Da (Xa,Ba) 


| "G4" [| Ra | Xa | Ba | Da | 
Ma 


0 8 12 16 20 31 


the 
is modified by the 


The Single instruction at 
second-operand address 
contents of the general register specified 
by Rg, and the resulting target instruction 
is executed. 


When the R, field is not zero, bits 8-15 of 
the instruction designated by the 
second-operand address are ORed with bits 
24-31 of the register specified by R,. The 
ORing does not change either the contents 
of the register specified by R, or the 
instruction in storage, and it is effective 
only for the interpretation of the 
instruction to be executed. When the Ry 
field is zero, no ORing takes place. 


The target instruction may be two, four, or 


six bytes in length. The execution and 
exception handling of the target 
instruction are exactly as if the target 
instruction were obtained in normal 
sequential operation, except for the 
instruction address and the instruction- 


length code. 


The instruction address of the current PSW 


is increased by the length of EXECUTE. 
This updated address and the 
instruction-length code of EXECUTE are 
used, for example, as part of the’ link 
information when the target instruction is 
BRANCH AND LINK. When the target 
instruction is a successful branching 
instruction, the instruction address of the 
current PSW is replaced by the branch 
address specified by the target 
instruction. 

When the target instruction is in turn an 
EXECOTE, an execute exception is 
recognized. 


The effective address of EXECUTE must be 
even; otherwise, a specification exception 
is recognized. When the target instruction 
is two or three halfwords in length but can 
be executed without fetching its second or 
third halfword, it is unpredictable whether 


access exceptions are recognized for the 
unused halfwords. Access exceptions are 
not recognized for the second-operand 


address when the address is odd. 


The second-operand address of EXECUTE is 
treated aS an instruction address’ rather 
than a logical address; thus, when DAS is 


installed and the CPU is in secondary-space 
mode, it is unpredictable whether’ the 
target instruction is fetched from the 
primary space or the secondary space. When 
DAS is not installed, an instruction 
address is treated the same as a logical 
address. 


Condition Code: The code may be set by the 
target instruction. 


Program Exceptions: 
Access (fetch, 


Execute 
Specification 


target instruction) 


Programming Notes 


1. An example of the use of EXECUTE .. 
given in Appendix A. 

2. The ORing of eight bits from’ the 
general register with the designated 
instruction permits indirect length, 
index, Mask, immediate-data, and 
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Programming Notes 


INSERT 
given in 


1. Examples of the use of 
CHARACTERS UNDER MASK are 
Appendix A. 


2. The condition code for INSERT 
CHARACTERS UNDER MASK (ICM) is defined 
such that, when the mask is 1111, the 
instruction causes the same condition 
code to be set as for LOAD AND TEST. 
Thus, the instruction may be used as a 
storage-to-register load-and-test 
operation. 


3. An ICM instruction with a mask of 1111 
or 0001 performs a function similar to 
that of a LOAD (L) or INSERT CHARACTER 
(IC), respectively, with the exception 


of the condition-code setting. 
However, the performance of ICM may be 
slower. 

LOAD 

LR Raph [RR] 

Se Ss ee ee 

| "18" [| Ry | Ro | 

ee ren eet Cree eeeeeeees | 

0 8 12 15 

L Ra -Da (Xa,Ba) [ RX } 

CO ee ee 

| "58" | Ra | Xo I Ba I Do l 

a ss ee eG 

0 8 12 16 20 31 


The second operand is placed 
the first-operand location. 


unchanged in 


Code: The code remains 


SS ee 


— — 


Access (fetch, operand 2 of L only) 


————— 


An example of the use of LCAD 


Appendix A. 


is given in 


LOAD ADDRESS 


LA Ra eD2(Xa-Ba) [RX] 

i Se 
1 "41" [| Ra | Xo [| Ba | Da | 
(fe a i Se 
0 8 12 16 20 31 


The address specified by the Xa, Ba, and Dg 
fields is placed in bit positions 8-31 of 
the general register specified by the Ry 
field. Bits 0-7 of the register are set to 
zeros. The address computation follows the 
rules for address arithmetic. 


No storage references for operands’ take 
place, and the address is not inspected for 
access exceptions. 


Condition Code: The code remains 
unchanged. 
Program Exceptions: None. 
Programming Notes 
1. An example of the use of the LOAD 
ADDRESS instruction is given in 
Appendix A. 
2. The same general register may be 


specified by the Ry, Xo, and Bs 
fields, except that general register 0 
can be specified only by the R, field. 
In this manner, it is possible to 
increment the low-order 24 bits of a 
general register, other than register 
0, by the contents of the Ds field of 
the instruction. The register to be 
incremented should be specified by Ry 
and by either Xz (With Bs set to zero) 
or Bs (with Xz set to zero). 


LOAD AND TEST 


LTR Res [RR] 
| ? 12" | Ra 1 Ro | 


be ee 
0 8 12 15 


The second operand is placed unchanged in 
the first-operand location, and the sign 
and magnitude of the second operand, 
treated as a 32-bit signed binary integer, 
are indicated in the condition code. 
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Programming Note 





All combinations of register numbers 
specified by R, and Rs, are valid. When the 
register numbers are equal, only four bytes 
are transmitted. When the number specified 
by Rs is less than the number specified by 
Rg, the register numbers wrap around fron 
15 to 0. 


LOAD NEGATIVE 


LNR Papo [RR] 
VSS oe 
| "11" | Ra | Ro | 


a 
0 8 12 15 


The two's complement of the absolute value 
of the second operand is placed in the 
first-operand location. The second operand 
and result are treated as 32-bit signed 
binary integers. 


0 Result is zero 
Result is less than zero 


The operation complements positive numbers; 
negative numberS remain unchanged. The 
number zero remains unchanged. 


LOAD POSITIVE 


LPR R,,Ra CRR] 
ia maaenss amma, encima | 
1 "10" | Rs | Ro J 


a he 
0 8 12 15 


The absolute value of the second operand is 
placed in the first-operand location. The 
second operand and the result are treated 
as 32-bit signed binary integers. 


An overflow causes a program interruption 
when the fixed-point-overflow mask bit is 
one. 


esulting Condition Code: 








Result is zero 
Result is greater than zero 
Overflow 


WN = © 


Program Exceptions: 


Fixed-Point Overflow 


Programming Note 


The operation complements negative numbers; 
positive numbers and zero remain unchanged. 
An overflow condition occurs when the 
Maximum negative number is complemented; 
the number remains unchanged. 


MONITOR CALL 


MC Dy (Ba) Js [SI] 


a ee oe a ge ON ge ae ee ee ee 
| "AF | Ia | Ba | Da [ 
ne Se Te Oe | 


0 8 16 20 31 


A program interruption is caused if the 
appropriate monitor-mask bit in control 
register 8 is one. 


The monitor-mask bits are in bit positions 


16-31 of control register 8, which 
correspond to monitor classes 0-15, 
respectively. 


Bit positions 12-15 in the Iz field contain 
a binary number’ specifying one of 16 
monitoring classes. When the monitor-mask 
bit corresponding to the class specified by 
the Ig field is one, a monitor-event 
program interruption occurs. The contents 
of the I, field are stored at location 149, 
with zeros stored at location 148. Bit 9 
of the program-interruption code is set to 
one. 


The first-operand address is not used to 
address data; instead, the address 
specified by the B, and D, fields forms the 
monitor code, which is placed in the word 
at location 156. Address conputation 
follows the rules of address arithmetic; 
bits 0-7 are set to zeros. 


When the monitor-mask bit corresponding to 
the class specified by bits 12-15 of the 
instruction is zero, no interruption 
occurs, and the instruction is executed as 
a no-operation. 
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location 0 to location 16,777,215. The 
first operand may wrap around from location 
16,777,215 to location 0. 


When the operands overlap by more than one 





byte, the contents of the overlapped 
portion of the result field are 
unpredictable. 
Condition Code: The code remains 
unchanged. 
Program Exceptions: 

Access (fetch, operand 2; store, 


operand 1) 
Operation (if move-inverse 
not installed) 


feature is 


Programming Notes 


— —v9 





1. The contents of each byte moved remain 
unchanged. 


2. MOVE INVERSE is the only SS-format 
instruction for which the second- 
operand address designates the 
rightmost, instead of the leftmost, 
byte of the second operand. 


MOVE LONG 

MVCL Ra ,Ra [RR] 
ee 

| OE" | Ra | Ra | 

ane cere RMCORE: Cee (eae! | 

0 8 12 #15 

The second operand is placed in the 
first-operand location, provided 
overlapping of operand locations does not 
affect the final contents of the 
first-operand location. The remaining 


rightmost byte positions, if any, of the 
first-operand location are filled with 
padding bytes. 


The Ry and Rp fields each specify an 
even-odd pair of general registers and must 
designate an even-numbered register; 


otherwise, a specification exception is 
recognized. 

The location of the leftmost byte of the 
first operand and second operand is 
designated by bits 8-31 of the general 


registers specified by the Rg and Rg 
fields, respectively. The number of bytes 


in the first-operand and second-operand 
locations is specified by bits 8-31 of 
general registers R,+1 and Rati, 


respectively. Bit positions 0-7 of 
register Raj+1 contain the padding byte. 
The contents of bit positions 0-7 of 
registers Ry, Ra, and R,g+1 are ignored. 


Graphically, the contents of the registers 
just described are as follows: 


ee ep a ee ee ey 
Rq \////////\ First—Operand Address | 
Oe aes Sa i 


0 8 31 


a a ca aa | 
Rat1 |/S///////\| First—Operand Length § | 
Se Pre ee fy a ee RD eee eer ee ew PCNA. SEN 


0 8 31 


SSS eee 
Ra \////////\ Second—Operand Address| 
ee sh ee ee 


4 
0 8 31 


(isa ee a oe ae a ye ee yy Se wey Te ey gE 
Rat+1 | Pad | Second—Operand Length | 
ean me eye LEER eee Ne nee eT Ieee RPO | 


0 8 31 


The movement starts at the left end of both 
fields and proceeds to the right. The 
operation is ended when the number of bytes 
specified by bit positions 8-31 of register 
Rat+1 have been moved into the first-operand 


location. If the second operand is shorter 
than the first operand, the remaining 
rightmost bytes of the first-operand 


location are filled with the padding byte. 


As part of the execution of the 
instruction, the values of the two length 
fields are compared for the setting of the 
condition code, and a check is made for 
destructive overlap of the operands. 
Operands are said to overlap destructively 
when the first-operand location is used as 
a source after data has been moved into it, 
assuming the inspection for overlap is 
performed by the use of logical operand 
addresses. When the operands overlap 
destructively, ho movement takes place, and 
condition code 3 is set. 


Operands do not overlap destructively, and 
movement is performed, if the leftmost byte 
of the first operand does not coincide with 


any of the second-operand bytes 
participating in the operation other than 
the leftmost byte of the second operand. 


When an operand wraps) around from location 
16,777,215 to location 0, operand bytes in 
locations up to and including 16,777,215 
are considered to be to the left of bytes 
in locations from 0 up. 


When the length specified by bit positions 
8-31 of register R,+1 is zero, no movement 
takes place, and condition code 0 or 1#is 
set to indicate the relative values of the 
lengths. 
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Similarly, in the case of 


reconfigurable storage, an 
addressing exception on a block 
does not necessarily suppress 
processing of subsequent blocks 


which are addressable. 


b. The model 
registers 
interruption 
proqram interruption 
is required to nullify or 
suppress. Thus, if after a move 
into several blocks of the first 
operand, an addressing Or 
protection exception occurs, the 
registers remain unchanged. 


may update the general 
only when an I/O 

occurs or when a 
occurs which 


When the first-operand length is zero, 
the operation consists in setting the 


condition code and setting the 
high-order bytes of registers R, and 
Ra to zero. 

When the contents of the Ry, and Ra 


fields are the same, the operation 
proceeds the same way aS when two 
distinct pairs of registers having the 


sane contents are specified. 
Condition code 0 is set. 

The following is a detailed 
description of those cases in which 
movement takes place, that is, where 
destructive overlap does not exist. 
Depending on whether the second 
operand wraps around from location 
16,777,215 to location 0, movement 


takes place in the following cases: 


a. When the second operand does not 
wrap around, movement is performed 
if the leftmost byte of the first 
operand coincides with or is to 
the left of the leftmost byte of 
the second operand, or if the 
leftmost byte of the first operand 


is to the right of the rightmost 
Second-operand byte participating 
in the operation. 

b. When the second operand wraps 


around, movement is performed if 
the leftmost byte of the first 
operand coincides with or is to 
the left of the leftmost byte of 
the second operand, and if the 
leftmost byte of the first operand 
is to the right of the rightmost 
second-operand byte participating 
in the operation. 


The rightmost second-operand byte is 
determined by uSing the smaller of the 
first-operand and second-operand 
lengths. 


When the second-operand 
or zero, destructive 


length is one 
overlap cannot 


exist. 
7. Special precautions must be taken if 
MOVE LONG is7 made the target of 
EXECUTE. See the programming note 
concerning interruptible instructions 
under EXECUTE. 


8. Since the execution of MOVE LONG is 
interruptible, the instruction cannot 
be used for Situations where the 
program must rely on uninterrupted 
execution of the instruction or on the 
interval timer not being updated 
during the execution of the 
instruction. Similarly, the program 
should normally not let the first 
operand of MOVE LONG include _ the 
location of the instruction since the 
new contents of the location may be 
interpreted for a resumption after an 
interruption, or the instruction, nay 
be refetched without an interruption. 


9. Further programming notes concerning 
interruptible instructions are 
included in the section "Interruptible 


Instructions" in Chapter 5, "Program 
Execution." 
MOVE NUMERICS 
MVN D4 (L,B1) ,Da (Ba) [ss] 
ot ot ot I or ot ot 
[. Dae | L 1 Ba | Da I Bao | Da | 
eee ee ae, eee Ce ee ony ee | 
0 8 16 20 32 36 47 


The rightmost four bits of each byte in the 
second operand are placed in the rightmost 
bit positions of the corresponding bytes in 
the first operand. The leftmost four bits 
of each byte in the first operand remain 
unchanged. 


Each operand is processed left to right. 
When the operands overlap, the result is 
obtained as if the operands were processed 
one byte at a time and each result byte 
were stored immediately after the necessary 
operand byte is fetched. 

remains 


Condition code 


unchanged. 


Code: The 


Program Exceptions: 





Access (fetch, operand 
store, operand 1) 


23: fetch and 
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C 


remain unchanged. 


Each operand is processed left to right. 


When the operands overlap, the result is 
obtained as if the operands were processed 
one byte at a time and each result byte 


were stored immediately after the necessary 
operand byte is fetched. 
remains 


Code: The code 


unchanged. 
Program Exceptions: 


Access (fetch, operand 2; fetch and 
store, operand 1) 


ogramming Notes 


1. An example of the use of MOVE ZONES is 
given in Appendix A. 


2. MVZ moves the zoned portion of a 
decimal field in the zoned format. 
The zoned format is described in 
Chapter 8, "Decimal Instructions." 


The operands are not checked for valid 
Sign and digit codes. 


3. Accesses to the first operand of MVZ 
consist in fetching the leftmost four 
bits of each byte in the first operand 
and subseguently storing the updated 
value of the byte. These fetch and 
store accesses to a particular byte do 
not necessarily occur one immediately 
after the other. Thus, this 
instruction cannot be safely used to 
update a location in storage if the 
possibility exists that another CPU or 
a channel may also be updating the 
location. An example of this effect 
is shown for the instruction OR (OT) 
in the section "Multiprogramming and 
Multiprocessing Examples" in Appendix 


A. 
MULTI PLY 
MR Ray Ra [RR] 
er, mem aaai: cael | 
| a Oy 1 Ra | Ra | 


a! a See 
0 8 12. 15 


M Ra, Da (Xa,-Ba) [RX] 
OE Se Se Pa | 
1 ‘'"Sc" | Ra | Xa | Ba | Da I 


a ee ee 
0 8 12 16 20 31 


The second word of the first operand 
(multiplicand) is multiplied by the second 
operand (multiplier), and the doubleword 
product is placed at the first-operand 
location. 


The Rg field of the instruction specifies 
an even-odd pair of general registers and 
must designate an even-numbered reqister. 
When Rg is odd, a specification exception 
is recognized. 


Both the multiplicand and multiplier are 
treated as 32-bit signed binary integers. 
The multiplicand is taken from the 
odd-numbered register of the pair specified 
by the R, field. The contents of the 
even-numbered register are ignored. The 
product is a 64-bit signed binary integer, 
which replaces the contents of the even-odd 
pair of general registers specified by the 
Rg field. An overflow cannot occur. 


The sign of the product is determined by 
the rules of algebra from the multiplier 
and multiplicand sign, except that a zero 
result is always positive. 

remains 


Condition code 


unchanged. 


Code: The 
Program Exceptions: 


Access (fetch, operand 2 of M only) 
Specification 


Programming Notes 





1. An example of the use of MULTIPLY is 


given in Appendix A. 


2- The significant part of the product 

usually occupies 62 bits or fewer. 
Only when two maximum negative numbers 
are multiplied are 63. significant 
product bits formed. 

MULTIPLY HALFWORD 

MH Ra, Da (X2a,Ba) [RX] 

Cae aca Rc ms a rae | 

[ "4c" | Ra I Xo | Ba | Da [ 

a... ll eee 

0 8 12 16 20 31 
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first-operand byte from 
subsequently 


storage and 
storing the updated 
value. These fetch and store accesses 
to a particular byte do not 
necessarily occur one immediately 
after the other. Thus, the 
instruction OR cannot be safely used 
to update a location in storage if the 
possibility exists that another CPU or 
a channel may also be updating the 
location. An example of this effect 
is shown in the section 
"Multiprogramming and Multiprocessing 
Examples" in Appendix A. 


PACK 





The format of the second operand is changed 
from zoned to packed, and the result is 
placed in the first-operand location. The 
zoned and packed formats are described in 
Chapter 8, “Decimal Instructions." 


The second operand is treated as having the 
zoned format. The numeric bits of each 
byte are treated as a digit. The zone bits 


are ignored, except the zone bits in the 
Cightmost byte, which are treated as a 
sign. 


The sign and digits are moved unchanged to 
the first operand and are not’ checked for 
valid codes. The sign is placed in the 
rightmost four bit positions of the 
rightmost byte of the result field, and the 
digits are placed adjacent to the sign and 
to each other in the remainder of the 


result field. 


The result is obtained as if the operands 
were processed right to left. When 
necessary, the second operand is considered 
to be extended on the left with zeros. If 
the first operand is too short to contain 
all digits of the second operand, the 
remaining leftmost portion of the second 
operand is ignored. Access exceptions for 
the unused portion of the second operand 
may Or may not be indicated. 


When the operands overlap, the result is 
obtained as if each result byte were stored 
immediately after the necessary operand 
bytes are fetched. Two second-operand 
bytes are needed for each result byte, 
except for the rightmost byte of the result 
field, which requires only the rightmost 
second-operand byte. 


Condition Code: The code remains 
unchanged. 
Program Exceptions: 

Access’ (fetch, operand 2; store, 


operand 1) 


Programming Notes 


1. An example of the use of PACK is qiven 
in Appendix A. 


2. The PACK instruction may be used _ to 
interchange the two hexadecimal digits 
in one byte by specifying a zero in 
the L, and Ls, fields and the’ same 
address for both operands. 


3. To remove the zone bits of all bytes 
of a field, including the rightmost 
byte, both operands must be extended 
on the right with a dummy byte, which 
subsequently is ignored in the result 
field. 


SET PROGRAM MASK 


SPM Ry rRR] 


ae Camaalen Raa 
E "04" | Ra IS///1 
ean Deentesd (eee neeery Laie e nee 
0 8 12 15 


The contents of the general register 
specified by the R, field are used to set 
the condition code and the program mask of 
the current PSW. Bits 12-15 of the 
instruction are ignored. 


Bits 2 and 3 of the register specified by 


the Rg field replace the condition code, 
and bits 4-7 replace the program mask. 
Bits 0, 1, and 8-31 of the register 


specified by the R, field are ignored. 


Resulting Condition Code: 
0 Bit 2 is zero, and bit 3 is zero 
1 Bit 2 is zero, and bit 3 is one 
2 Bit 2 is one, and bit 3 is zero 
3 Bit 2 is one, and bit 3 is one 
Program Exceptions: None. 
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ignored. 


All 64 bits of the first operand 
participate in the shift. Bits shifted out 
of bit position 0 of the even-numbered 
register are not inspected and are lost. 
zeros are supplied to the vacated register 
positions on the right. 


Condition Code: The code remains 
unchanged. 
Program Exceptions: 

Specification 
SHIFT LEFT SINGLE 
SLA Ra , Do (Ba) [RS] 
ee ree NR ee ee ES es Re ee ee ee 
{ ‘'8Bt | Ra IS///t Ba | Do [ 

SU ERROR! (2 enema rer oeeeneee | 

0 8 12 16 20 31 
The numeric part of the first operand is 
shifted left the number of bits specified 
by the second-operand address. Bits 12-15 


of the instruction are ignored. 


The second-operand address is not used to 
address data; its low-order six bits 
indicate the number of bit positions to be 
shifted. The remainder of the address is 
ignored. 


treated as a 32-bit 
The sign of the 
unchanged. All 31 


The first operand is 
Signed binary integer. 
first operand remains 
numeric bits of the operand participate in 
the left shift. Zeros are supplied to the 
vacated register positions on the right. 


If one or more bits unlike the sign bit are 
shifted out of bit position 1, an overflow 
occurs. The overflow causeS a progran 
interruption when the fixed-point-overflow 
mask bit is one. 


A a 


Result is zero 

Result is less than zero 
Result is greater than zero 
Overflow 


WhN= Oo 


Program Exceptions: 


Fixed-Point Overflow 


Programming Notes 


1. An example of the use of SHIFT LEFT 
SINGLE is given in Appendix A. 


2. For numbers with an absolute value of 
less than 239, a left shift of one bit 
position is equivalent to multiplying 
the number by two. 


3. Shift amounts fron 31 
entire numeric part to 


to 63 cause the 
be shifted out 


of the register, leaving a_ result of 
the maximum negative number or zero, 
depending on whether or not the 


initial contents were negative. 


Engineering Note 


An initial value of all ones with a shift 


amount of 32 or greater results in the 

Maximum negative number and an overflow. 

SHIFT LEFT SINGLE LOGICAL 

SLL Ra - Da (Ba) [RS] 

ea: 3 4 

( "89" | Ra I////E Ba | Do | 
i 

0 8 12 16 20 31 

The first operand is shifted left the 

number of bits specified by the 


second-operand address. Bits 12-15 of the 


instruction are ignored. 


The second-operand address is not’ used to 
address data; its low-order six bits 
indicate the number of bit positions to be 
shifted. The remainder of the address is 
ignored. 


All 32 bits of the first operand 
participate in the shift. Bits shifted out 
of bit position 0 are not inspected and are 


lost. Zeros are supplied to the vacated 
register positions on the right. 

Condition Code: The code remains 
unchanged. 

Program Exceptions: None. 





Chapter 7. General Instructions 7-33 


C 


Programming Notes 


1. A right shift of one bit position is 
equivalent to division by 2 with 
rounding downward. When an even 
number is shifted right one position, 
the result is equivalent to dividing 
the number by 2. When an odd number 
is shifted right one position, the 
result is equivalent to dividing the 
-us next lower number by 2. For 
example, +5 shifted right by one bit 
position yields +2, whereas -5 yields 
-3. 


to 63 cause the 
be shifted out 


2. Shift amounts from 31 
entire numeric part to 


of the register, leaving a result of 
-1 or zero, depending on whether or 
not the initial contents were 
negative. 

SHIFT RIGHT SINGLE LOGICAL 

SRL Ra , Da (Ba) [RS] 

oe en ee eo pr eee ne ea ee a ee 

[| "88" | Ra I////1 Ba | Da I 

Oo 

0 8 12 16 20 31 

The first operand is shifted right the 

number of bits specified by the 

second-operand address. Bits 12-15 of the 


instruction are ignored. 


address is not used to 
address data; its low-order six bits 
indicate the number of bit positions to be 
shifted. The remainder of the address is 
ignored. 


The second-operand 


All 32 bits of the 
participate in the shift. Bits shifted out 
of bit position 31 are not inspected and 
are lost. zeros are supplied to the 
vacated register positions on the left. 


first operand 


Condition code remains 


unchanged. 


Code: The 


Program Exceptions: None. 





STORE 


ST Ra, Da (X2,B8a) [RX] 

OOOO OT oT TT OOo] 
| '50" | Ra | Xa [ Ba | Da | 
Le LL es ed 
0 8 12 16 20 31 


The first operand is stored at the 


second-operand location. 


The 32 bits in the general register are 
placed unchanged at the second-operand 
location. 

Condition Code: The code remains 


unchanged. 
Program Exceptions: 


Access (store, operand 2) 


STORE CHARACTER 


STC Ra Da (Xa Ba) [ RX] 

oo... se Se ee ee 

| "42" | Ra | Xa I Bo | Da [ 
[Coenen Seen! en eae eee Geen ewer oes 

0 8 12 16 20 31 

Bits 24-31 of the general register 
designated by the R, field are placed 
unchanged at the second-operand location. 


The second operand is one byte in length. 


Condition code remains 


unchanged. 


Code: The 


Program Exceptions: 








Access (store, operand 2) 
STORE CHARACTERS UNDER MASK 


STCM Ra 7Ma,Da (Ba) [RS] 


i Se a en Ane 
| "BE" | Ra | Ma | Boa I Da | 
ss Cs Se | 


0 8 12 16 20 31 


Bytes selected from the first operand under 
control of a mask are placed in contiguous 
byte locations beginning at the 
second-operand address. 


The contents of the Mj field are used asa 
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involving human responses, the 
high-order clock word may provide 
sufficient resolution. 


normally indicates 
has been set by the 
Accordingly, the 


2. Condition code 0 
that the clock 
control progran. 


value may be used in elapsed-time 
measurements and as a valid 
time-of-day and calendar indication. 


Condition code 1 indicates that the 
clock value is the elapsed time since 
the power for the clock was turned on. 
In this case the value may be used in 
elapsed-time measurements but is not a 
valid time-of-day indication. 
Condition codes 2 and 3 mean that the 
value provided by STORE CLOCK cannot 
be used for time measurement or 
indication. 


3. Condition code 3 indicates that the 
clock is either in the stopped state 
or not-operational state. These two 
states can normally re distinguished 
Since an all-zero value is stored when 
in the not-operational state. 


STORE HALFWORD 


STH Ra, Do (X2a-Ba) [ RX ] 
I a ee Se Penne | 
| "40" | Ra | Xa | Ba [ Da | 


a 
0 8 12 16 20 31 


Bits 16-31 of the general register 
designated by the R, field are placed 
unchanged at the second-operand location. 
The second operand is two bytes in length. 


Code: The code remains 


unchanged. 


Program Exceptions: 





Access (store, operand 2) 


STORE MULTIPLE 


STM Ra Ra, Do (Ba) [ RS ] 

Corse ee ee ee ee ee ee ee 

| "90" [| Ry | Ra I Ba | Da I 
a ee 

0 8 12 16 20 31 

The contents of the set of general 
registers Starting with the register 
specified by Ry and ending with the 


register specified by Rg, 
storage area beginning at the location 
designated by the second-operand address 
and continuing through as many locations as 
needed. 


are placed in the 


The general registers are stored in the 
ascending order of register numbers, 
starting with the register specified by Ry 
and continuing up to and including’ the 
register specified by R3, with register 0 
following register 15. 

Condition remains 
unchanged. 


Codes The code 


Program Exceptions: 


Access (store, operand 2) 


Programming Note 


An example of the use of STORE MULTIPLE is 


given in Appendix A. 
SUBTRACT 


SR R4,Ra [ RR] 


SS 
| "1B® | Ra | Ra | 
es eee eee 


0 8 12 15 


) Ra ¢ Da (Xa eBa) [RX] 


eee eee OOOO 
| "SB 1 Ra 1 Xa | Boa Da | 
iid ee 


0 8 12 16 20 31 


The second operand is subtracted from the 
first operand, and the difference is placed 
in the first-operand location. The 
operands and the difference are treated as 
32-bit signed binary integers. 


An overflow causes a program interruption 
when the fixed-point-overflow mask bit is 
one. 


Resulting Condition Code: 





Difference is zero 

Difference is less than zero 
Difference is greater than zero 
Overflow 


Wh = © 


Program Exceptions: 


Access (fetch, operand 2 of S only) 
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SUPERVISOR CALL 


The instruction causes a 
interruption, with the I 
instruction providing the 
code. 


supervisor-call 
field of the 
interruption 


Bits 8-15 of the instruction, with eight 
high-order zeros appended, are placed in 
the supervisor-call interruption code that 
is stored in the course of the 
interruption. See "Supervisor-Call Inter- 
ruption" in Chapter 6, "Interruptions." 


A serialization and a checkpoint- 
synchronization function is performed. CPU 
operation is delayed until all previous 
storage accesses by this CPU to storage 
have been completed, as observed by 
channels and other CPUs. All previous 
checkpoints, if any, are canceled, and the 
results of all previous stores are 
released, if held exclusive, to permit 
channels and other CPUS to access the 
results. No subsequent instructions of 
their operands are accessed by this CPU 
until the execution of this instruction is 
completed. 


The code remains unchanged 
part of the old PSW. A new 


and is saved as 


condition code is loaded as part of the 
supervisor-call interruption. 
Program Exceptions: None. 
TEST AND SET 
TS Do (Ba) (S] 
ape 

| "93" SS/S/S///7/\ Ba | Da i 

A Se 
0 8 16 20 31 
The leftmost bit (bit position 0) of the 


byte located at the second-operand address 
is used to set the condition code, and then 
the byte is set to alloones. Bits 8-15 of 
the instruction are ignored. 

The byte in storage is set to all ones as 
it is fetched for the testing of bit 
position 0. No access by another CPU to 
this location is permitted between the 
moment of fetching and the moment of 


storing all ones. 


function is perf ormed 
before the byte is fetched and again after 
the storing of all ones. CPU operation is 
delayed until all previous accesses by this 


A serialization 


CPU} to storage have been completed, as 
observed by channels and other CPUs, and 
then the byte is fetched. No subsequent 


instructions or their operands are accessed 
by this CPU until the all-ones value has 
been placed in storage, as observed by 
channels and other CPUs. 


Resulting Condition Code: 


0 Leftmost bit of byte specified was 


Zero 

1 Leftmost bit of byte specified was 
one 

2 — 

3 = 


Program Exceptions: 


Access (fetch and store, operand 2) 


Programming Notes 


1. TEST AND SET may be used for 
controlled sharing of a common storage 
area by programs operating on 
different CPUs. This instruction, 
which is provided primarily for 
compatibility with programs written 
for Systen/360, does not provide 
suitable functions for sharing between 
programs on ae single CPU} or for 
programs that may be interrupted. The 
instructions COMPARE AND SWAP and 
COMPARE DOUBLE AND SWAP provide these 
functions. See the description of 
these instructions and the associated 
programming notes for details. 


2. It should be noted that TEST AND SET 
does not interlock against storage 
accesses by channels. 

TEST UNDER MASK 
TM Da (Ba) - Ia [ST] 
SS ee ee eae Pe ee re ee ee 

1 '91") | Ta [ Ba | Da l 

ee ee a ee | 
0 8 16 20 31 


A mask is used to select bits of the first 
operand, and the result is indicated in the 
condition code. 
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is added to the initial second-operand 


address to obtain the address of a 
function byte, the list may contain 
256 bytes. In cases where it is known 


that not all eight~bit argument values 
will occur, it is possible to reduce 
the size of the list. 


6. Significant performance degradation is 
possible when, with DAT on, the 
second-operand address of TRANSLATE 
designates a location that is less 
than 256 bytes to the left of a 
2,048-byte boundary. This is because 











the machine may perform a trial 
execution of the instruction to 
determine if the second operand 
actually crosses the boundary. 
TRANSLATE AND TEST 
TRT Da (L,Bs) ,Da (Ba) (SS] 
| ‘DD! [ L | Be | Da I Ba | Do | 
i ee fay Sareea! Ene ee! wooeny eee 
0 8 16 20 32 36 47 


The bytes of the first operand are used as 


eight-bit arguments’ to select function 
bytes from a list designated by the 
second-operand address. The first nonzero 
function byte is inserted in general 
register 2, and the related argument 
address in general register 1. 

The L field designates the length of only 


the first operand. 


The bytes of the first operand are selected 
one by one for translation, proceeding fron 
left to right. The first operand remains 
unchanged in storage. Fetching of the 
function byte from the list is performed as 
in TRANSLATE. The function byte retrieved 


from the list is inspected for a value of 
zero. 
When the function byte is zero, the 


operation proceeds with the next byte of 
the first operand. When the first-operand 
field is exhausted before a nonzero 
function byte is encountered, the operation 
is completed by setting condition code 0. 
The contents of general registers 1 and 2 
remain unchanged. 


When the function byte iS nonzero, the 
operation is completed by inserting the 
function byte in general register 2 and the 


related arqument address in general 
register 1. This address points to the 
argument byte last translated. The 
function byte replaces bits 24-31 of 


general register 2. The address replaces 


bits 8-31 of general register 1. Bits 0-7 
of general register 1 and bits 0-23 of 
general register 2 remain unchanged. 


When the function byte is nonzero, either 
condition code 1 or 2 is set, depending on 
whether the argument byte is the rightmost 
byte of the first operand. Condition code 
1 is set if one or more argument bytes 
remain to be translated. Condition code 2 
is set if no more argument bytes remain. 


Access exceptions are recognized only for 
those bytes in the second operand which are 
actually required. Access exceptions are 
not recognized for those bytes in the first 
operand which are to the right of the first 


byte for which a nonzero function byte is 
obtained. 
Resulting Condition Code: 
0 All function bytes zero 
1 Nonzero function byte; first- 
operand field not exhausted 
2 Nonzero function byte; first- 


operand field exhausted 
3 —_—— 


Program Exceptions: 


Access (fetch, operands 1 and 2) 


Programming Notes 


1. An example of the use of TRANSLATE AND 
TEST is given in Appendix A. 


2. The instruction TRANSLATE AND TEST may 
be used to scan the first operand for 
characters with special meaning. The 
second operand, or list, is set up 
with all-zero function bytes for those 
characters to be skipped over and with 
nonzero function bytes for the 
characters to be detected. 


UNP ACK 


UNPK Da (La -Ba) -D2 (L2,Ba) [Ss] 


The format of the second operand is changed 


from packed to zoned, and the result is 


placed in the first-operand location. The 


packed and zoned formats are described in 
Chapter 8, "Decimal Instructions." 
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The decimal instructions of this chapter 
perform arithmetic and editing operations 
on decimal data. Additional operations on 
decimal data are provided by several of the 


instructions in Chapter 14 "General 
Instructions." Decinal operands always 
reside in storage, and all instructions 


operating on decimal data use the SS 
instruction fornat. 


DECIMAL-NUMBER FORMATS 


ee ee 


in either the zoned 
decimal-number 


Decimal numbers may be 
or packed format. Both 


formats have from one to 16 bytes, each 
byte consisting of a pair of four-bit 
codes. The four-bit codes include 


decimal-digit codes, sign codes, and a zone 
code. Decimal operands occupy storage 
fields that start on a byte boundary. 


ZONED FORMAT 


SS eee 
| 2{N | 2 WN I [| 21 N IZ/5| N | 
a ee! ea ees Sey oe Seana aeraees Ree Cee 


In the zoned format, the rightmost four 
bits of a byte are called the numeric bits 
(N) and normally consist of a code 
representing a decimal digit. The leftmost 
four bits of a byte are called the zone 


bits (Z), except for the rightmost byte of 
a decimal operand, where these bits may be 
treated either as a zone or as a sign (S). 

Decimal digits in the zoned format may be 
part of a larger character set, which 
includes also alphabetic and special 
characters. The zoned format is, 
therefore, suitable for input, editing, and 


output of numeric data in human-readable 
form. There are no decimal-arithmetic 
instructions which operate directly on 


in the zoned format: such 
first be converted to the 


decimal numbers 
numbers must 
packed format. 


PACKED FORMAT 


In the packed format, each byte contains 
two decimal digits (D), except for the 
rightmost byte, which contains a sign to 
the right of a decimal digit. Decinal 
arithmetic is performed with operands in 
the packed format and generates results in 
the packed format. 


For all decimal instructions in this 


chapter other than EDIT and EDIT AND MARK, 
both operands are in the packed format. 
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DECIMAL CODES 


The decimal digits 0-9 have the 
encoding 0000-1001. 


binary 


are 1100 for plus 
These are the sign 


The preferred sign codes 
and 1101 for minus. 
codes generated for the results of the 
decimal-arithmetic instructions and the 
CONVERT TO DECIMAL instruction. 


Alternate sign codes are also recognized as 
valid when appearing in the sign position: 
1010, 1110, and 1111 =are alternate codes 
for plus, and 1011 is an alternate code for 


minus. Alternate sign codes are accepted 
for any decimal operand but are never 
generated or propagated in the signed 


result of a decimal-arithmetic instruction 
or CONVERT TO DECIMAL, even when an operand 
remains otherwise unchanged, such as when 
adding zero to a number. An alternate sign 
code is, however, left unchanged by the 
instructions MOVE NUMERICS, MOVE WITH 
OFFSET, MOVE ZONES, PACK, and UNPACK. 


When an invalid code is detected, a data 
exception is recognized. For the 
decimal-arithmetic instructions, the action 
taken for a data exception depends on 
whether a Sign code is invalid. When a 
Sign code is invalid, the operation is 
suppressed regardless of whether any other 
condition causing an exception exists. 
When no sign code is invalid, the operation 
is terminated. 


EDIT and EDIT 
invalid sign code is not 
recognized. The operation is terminated 
for a data exception due to an invalid 
digit code. No validity checking is 
per formed by the instructions MOVE 
NUMERICS, MOVE WITH OFFSET, MOVE ZONES, 
PACK, and UNPACK. 


For the editing instructions 
AND MARK, an 


The zone code 1111 appears in the left four 
bit positions of each byte representing a 


decimal digit in zoned-format results. 
zoned-format results are produced by the 
instructions EDIT, EDIT AND MARK, and 
UNPACK, except that the left four bit 


positions of the rightmost byte produced by 
UNPACK contain whatever code exists in the 
Sign position of the packed operand. The 
Tight four bit positions of each byte in 
the zoned format contain a decimal-digit 
code. 


decimal codes is 
"Summary of Digit 


The meaning of the 
summarized in the figure 
and Sign Codes." 


8-2 System/370 Principles of Operation 


a] 
r4 
1°) 


ramming Notes 


| 





1. Since 1111 ais both the zone code and 
an alternate code for plus, unsigned 
(positive) decimal numbers may be 


represented in the zoned format with 
1111 codes in all byte positions. The 
result of the PACK instruction 
converting such a number to the packed 
format may be used directly as an 
operand for decimal instructions. 


2. The use of the alternate minus’ code 
1011 is not recommended. 


a pe EO ee ag cee Gp ee Se ig cer 
| | Recognized As 





| 

a_i a | 
| Code | Digit | Sign | 
eS SSS 
| 0000 | 0 | Invalid 
{| 0001 | 1 | Invalid [ 
| 0010 | 2 [ Invalid | 
| 0011 | 3 [ Invalid [ 
{| 0100 | 4 | Invalid | 
| 0101 | 5 [ Invalid { 
{| 0110 | 6 | Invalid [ 
| 0111 | 7 | Invalid | 
| 1000 | 8 { Invalid | 
| 1001 | 9 | Invalid | 
{| 1010 | Invalid | Plus | 
{| 1011 | Invalid | Minus | 
| 1100 | Invalid | Plus (preferred) | 
{ 1101 | Invalid | Minus (preferred) | 
1 1110 | Invalid | Plus [ 
{| 1111 | Invalid | Plus (zone) | 
a 2 
Summary of Digit and Sign Codes 
DECIMAL OPERATIONS 
The decimal instructions in this chapter 
consist of two classes, the 


decimal-arithmetic instructions and the 
editing instructions. 


DECIMAL-ARITHMETIC INSTRUCTIONS 


The decimal-arithmetic instructions perform 
addition, subtraction, multiplication, 
division, comparison, and shifting. 


Operands of the decimal-arithmetic 
instructions are in the packed format and 
are treated as signed decimal integers. A 
decimal integer is represented in true form 
as an absolute value with a separate plus 
or minus sign. It contains an odd number 


of decimal digits, from one to 31, and the 
Sign; this corresponds to an operand length 
of one to 16 bytes. 


A decimal zero normally has a plus sign, 
but multiplication, division, and overflow 
may produce a zero value with a minus Sign. 
Such a negative zero is a valid operand and 
is treated as equal to a positive zero by 
the COMPARE DECIMAL instruction. 


The lengths of the two operands specified 
in the instruction need not be the same. 
If necessary, the shorter operand is 
considered to be extended with zeros to the 
left of the high-order digit. Results, 
however, cannot exceed the first-operand 
length as specified in the instruction. 


When a carry or some high-order nonzero 
digits of the result are lost because the 
first-operand field is too short, the 
result is obtained by ignoring the overflow 
information, condition code 3 is set, and, 
if the decinal-overflow mask bit is one, a 
program interruption for decimal overflow 
occurs. The operand lengths alone are not 
an indication of overflow; significant 
digits must have been lost during the 
operation. 


The operands of decimal-arithmetic 
instructions should not overlap at all or 
should have coincident rightmost bytes. In 
ZERO AND ADD, the operands may also overlap 
in such a manner that the rightmost byte of 
the first operand (which becomes the 
result) is to the right of the rightmost 
byte of the second operand. For these 
cases of proper overlap, the result is 
obtained as if operands were processed 
Tight to left. Because the codes for 
digits and signs are verified during the 
performance of the arithmetic, improperly 
overlapping operands are recognized as data 
exceptions. 


Programming Note 


The same decimal field in storage may be 
specified for both operands of the 
instructions ADD DECIMAL, COMPARE DECIMAL, 
DIVIDE DECIMAL, MULTIPLY DECIMAL, and 
SUBTRACT DECIMAL. Thus, a decimal number 
may be added to itself, compared to itself, 
etc. SUBTRACT DECIMAL may ke used to set a 
decimal field in storage to zero. 


EDITING INSTRUCTIONS 


The editing instructions are EDIT and EDIT 
AND MARK. For these instructions, only one 
operand (the pattern) has an explicitly 


specified length. The other operand (the 
source) is considered to have as many 
digits as necessary for the completion of 
the operation. 


Overlapping operands for the editing 
instructions yield unpredictable results. 


EXECUTION OF DECIMAL INSTRUCTIONS 


execution of a decimal 
instruction, all bytes of the operands are 
not necessarily accessed concurrently, and 
the fetch and store accesses to a single 
location do not necessarily occur one 
immediately after the other. Furthermore, 
for decimal instructions, intermediate 
values may be placed in the result field 
that may differ from the original operand 
and final result values. Thus, in a 
multiprocessing system, an instruction such 
as ADD DECIMAL cannot be safely used _ to 
update a shared storage location when the 
possibility exists that another CPU may 
also be updating that location. 


During the 


OTHER INSTRUCTIONS FOR DECIMAL OPERANDS 


In addition to the decimal instructions in 
this chapter, the instructions MOVE 
NUMERICS and MOVE ZONES are provided for 
operating on data in the zoned format. Two 
instructions are provided for converting 
data between the zoned and packed formats: 
the PACK instruction transforms zoned data 
into packed data, and UNPACK performs the 


reverse transformation. The MOVE WITH 
OFFSET instruction operates on packed data. 
Two instructions are provided for 
conversion between the packed-decimal and 


binary formats. The CONVERT TO BINARY 
instruction converts packed decimal to 
binary, and CONVERT TO DECIMAL converts 
binary to packed decimal. These seven 
instructions are not considered to be 
decimal instructions and are described in 
Chapter 7, "General Instructions." The 
editing instructions in this chapter may 
also be used to change data from the packed 
to the zoned format. 


INSTRUCTIONS 


The decimal instructions and their 
mnemonics, formats, and operation codes are 
listed in the figure "Summary of Decimal 


Instructions." The figure also indicates 
when the condition code is set and the 
exceptional conditions in operand 


designations, data, or results that cause a 
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program interruption. assembler language are shown with each 
instruction. For ADD DECIMAL, for example, 

Note: In the detailed descriptions of the AP is the mnemonic and Dy, (L4,B,4) ,Da (La,Ba) j 

individual instructions, the mnemonic and the operand designation. 


the symbolic operand designation for the 








Fe ep er ET eR en ee Ee ee a ee Ee a ge ee eT eal 
| |Mne— | | Op | 
{ Name | monic] Characteristics {Code | 
't—— SU SER PARR SRRRRRnEE Seme | 
{ADD DECIMAL | AP iss Cc | A |}D DF | ST| FA | 
{COMPARE DECIMAL | CP ISS Cc | A |D | | F9 | 
{DIVIDE DECIMAL | DP Iss | A SP |D DK | ST| FD | 
{EDIT | ED ISS Cc { A |D | ST| DE | 
{BDIT AND MARK |EDMK ISS C | A |D | R ST{DF 
/--—______ —+——_—— | ht Ht 
{MULTIPLY DECIMAL {MP iss | A SP|D | ST|[ FC | 
|SHIFT AND ROUND DECIMAL {SRP Iss Cc | A |D ODF { ST| FO { 
|SOBTRACT DECIMAL {SP Iss c | A ID ODF { ST| FB | 
1ZERO AND ADD {ZAP iss Cc | A |D DF ST| F8 | 





|Explanation: 


A Access exceptions 
C Condition code is set 
D Data exception 
DF Decimnal—overflow exception 
Decimal—divide exception 
R PER general—register—alteration event 
SP Specification exception 
SS SS instruction format 
ST PER storage—alteration event 
Dance ttre cameramen 


oO 
A 
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ADD DECIMAL 


AP Da (La ,Ba) ¢ Da (L2,Ba) [ss] 


OO Ooo est 
| ‘FA 1 La | Lao | Ba | Da | Ba | Da | 


The second operand is added to the first 
operand, and the resulting sum is placed in 
the first-operand location. The operands 
and result are in the packed format. 


Addition is algebraic, taking into account 
the signs and all digits of both operands. 


All sign and digit codes are checked for 
validity. 
If the first operand is too short to 


contain all significant digits 
decimal overflow occurs. The operation is 
completed. The result is obtained by 
ignoring the overflow information, and 
condition code 3 is set. If the 


of the sun, 


decimal-overflow mask is one, a program 
interruption for decimal overflow takes 
place. 

The sign of the sum is determined by the 
rules of algebra. When the operation is 
completed without an overflow, a zero sun 
has a positive sign. When high-order 


digits are lost because of an overflow, a 
zero result may be either positive or 
negative, as determined by what the sign of 
the correct sum would have been. 


Sum is zero 

Sum is less than zero 
Sum is greater than zero 
Overflow 


WN = © 


Program Fxceptions: 


Access (fetch, operand 2; fetch and 
store, operand 1) 

Data 

Decimal Overflow 


Programming Note 


An example of the use of ADD DECIMAL is 


given in Appendix A. 


COMPARE DECIMAL 


cP Da (La -Ba) « Da (La Ba) [ss] 


or Oe t/t 
[| 'F9" [| La | La | Ba 1 Da | Ba | Do | 
eek ener an Ceeeeaes! eens (meen Seay Sei! emmy Neen 
0 8 12 16 20 32 36 47 


The first operand is compared with the 
second operand, and the result is indicated 
in the condition code. The operands are in 
the packed format. 


Comparison is algebraic and follows’ the 
procedure for decimal subtraction, except 
that both operands remain unchanged. When 
the difference is zero, the operands are 
equal. When a nonzero difference is 
positive or negative, the first operand is 
high or low, respectively. 
Overflow cannot occur because the 
difference is discarded. 

codes are checked for 


All sign and digit 


validity. 


Operands are egual 
First operand is low 
First operand is high 


WN) = © 


Program Exceptions: 


Access (fetch, operands 1 and 2) 
Data 


Programming Notes 


1. An example of the use of COMPARE 


DECIMAL is given in Appendix A. 

2. The comparison operation does not 
distinguish between valid sign codes. 
A valid plus ofr minus’ sign is 


equivalent to any other valid plus or 
minus sign, respectively. 


DIVIDE DECIMAL 


DP Da (La Ba) » Do (L2,Ba) [ss] 
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The first operand (the dividend) is divided 
by the second operand (the divisor). The 
resulting quotient and remainder are placed 


in the first-operand location. The 
operands and result are in the _ packed 
format. 


The quotient is placed leftmost in the 
first-operand location. The number of 
bytes in the quotient is equal to the 
difference between the dividend and divisor 
lengths (Ly, - Ly). The remainder is placed 
rightmost in the first-operand location and 
has a length equal to the divisor length. 
Together, the quotient and remainder occupy 
the entire first operand; therefore, the 
address of the quotient is the address of 
the first operand. 


The divisor length cannot exceed 15 digits 
and sign (La not greater than seven) and 
must be less than the dividend length (L, 
less than Ly); otherwise, a specification 
exception is recognized. The operation is 


suppressed, and a program interruption 
occurs. 
The dividend, divisor, guotient, and 


remainder are all signed decimal integers, 
right-aligned in their fields. All sign 
and digit codes of the dividend and divisor 
are checked for validity. 


of the quotient is determined by 
from the dividend and 
divisor signs. The sign of the remainder 
has the same value as the dividend sign. 
These rules hold even when the quotient or 
remainder is zero. 


The sign 
the rules of algebra 


Overflow cannot occur. If the divisor is 
zero or the quotient is too large to be 
represented by the number of digits 
allowed, a decimal-divide exception is 
recognized. The operation is suppressed, 
and a program interruption occurs. The 
operands remain unchanged in storage. The 
decimal-divide exception is indicated only 
if the sign codes of both the dividend and 
divisor are valid, and only if the digit or 
digits used in establishing the exception 
are valid. 
Condition remains 
unchanged. 


Code; The code 


Program Exceptions: 





Access (fetch, operand 2; fetch and 
store, operand 1) 

Data 

Decimal Divide 

Specification 
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Programming Notes 


1. An example of the use of DIVIDE 2 


DECIMAL is given in Appendix A. 


2. The dividend 
and sign. 
be shorter 
the quotient 
and sign. 


cannot exceed 31 digits 
Since the remainder cannot 
than one digit and sign, 

cannot exceed 29 digits 


3. The condition for a decimal-divide 
exception can be determined by a trial 
subtraction. The leftmost digit of 
the divisor is aligned one digit to 
the right of the leftmost dividend 
digit. When the divisor, so aligned, 
is less than or equal to the dividend, 
a divide exception is indicated. 


4“. Provided a 
exist, a 
occurs when the 
digit is not zero. 


data exception does not 
decimal-divide exception 
leftmost dividend 


EDIT 

ED Da (L,Ba) -Da (Ba) [Ss] 

SSS See 
| ‘'DE' | L { Ba | Da I Ba | Da | 
nd a ey 
0 8 16 20 32 36 47 
The second operand (the source), which 
normally contains one or more decimal 


numbers in the packed format, is changed to 
the zoned format and modified under the 
control of the first operand (the pattern). 


The edited result replaces the first 
operand. 
The length field specifies the length of 


the first operand, which may contain bytes 


of any value. 


determined by 
the contents of 


The length of the source is 
the operation according to 


the pattern. The source has the packed 
format. The leftmost four bits of each 
source byte must specify a decimal digit 


code (0000-1001) ; 
is recognized as a 
rightmost four bits may 
Sign or a decimal digit. 
exceptions are recognized 
bytes in the second operand 
actually required. 


a Sign code (1010-1111) 
data exception. The 
specify either a 
Access and data 

only for those 
which are 


The result is obtained as if both operands 
were processed left to right one byte at a 
time. Overlapping pattern and source 
fields give unpredictable results. 


C 


During the editing process, each byte of 
the pattern is affected in one of three 
ways: 


1. It is left unchanged. 


2. It is replaced by a source digit 
expanded to the zoned format. 
3. It is replaced by the first byte in 


the pattern, called the fill byte. 


Which of the three actions takes place is 
determined by one or more of the following: 
the type of the pattern byte, the state of 
the significance indicator, and whether the 
source digit examined is zero. 

Pattern Bytes: There are four types of 
pattern bytes: digit selector, 
Significance starter, field separator, and 


message byte. Their coding is as follows: 








[et TG RS 1 TOR, | 
| Name | Code | 
ee eee 

| Digit selector 1 0010 OO00 | 
| Significance starter | 0010 0001 | 
| Field separator } 0010 0010 | 
| Message byte | Any other | 
CC Seon are | 


The detection of either a digit selector or 
a significance starter in the pattern 
causes an examination to be made of the 
significance indicator and of a_= source 
digit. As a result, either the expanded 
source digit or the fill byte, as 
appropriate, is selected to replace the 
pattern byte. Additionally, encountering a 
digit selector or a significance starter 
may cause the significance indicator to be 
Changed. 


individual 
editing 
replaced in the 


The field separator identifies 
fields in a multiple-field 
operation. It is always 
result by the f1i11 byte, and the 
significance indicator is always off after 
the field separator is encountered. 


Message bytes in the pattern are either 
replaced by the fill byte or remain 
unchanged in the result, depending on the 


state of the significance indicator. They 
may thus be used for padding, punctuation, 
or text in the significant portion of a 
field or for the insertion of 
Sign-dependent symbols. 


Fill Byte: The first byte of the pattern 
is used as the fill byte. The fill byte 
can have any code and may concurrently 
specify a control function. If this byte 
is a digit selector or significance 
starter, the indicated editing action is 
taken after the code has been assigned to 
the fill byte. 


Source Digits: Each time a digit selector 
or significance starter is encountered in 
the pattern, a new source digit is examined 
for placement in the pattern field. Either 
the source digit is disregarded, or itis 
expanded to the zoned format, by appending 
the zone code 1111 on the left, and stored 
in place of the pattern byte. 


The source digits are selected one byte at 


a time, anda source byte is fetched for 
inspection only once during an editing 
operation. Each source digit is examined 


only once for a zero value. The leftmost 
four bits of each byte are examined first, 
and the rightmost four bits, when they 
represent a decimal-digit code, remain 
available for the next pattern byte that 
calls for a digit examination. When the 
leftmost four bits contain an invalid digit 
code, the operation is terminated. 


At the time the left digit of a source byte 
is examined, the rightmost four bits are 
checked for the existence of a_ sign code. 


When a sign code is encountered in the 
rightmost four bit positions, these bits 
are not treated as a decimal-digit code, 


and a new source byte is fetched from 
Storage when the next pattern byte calls 
for a source-digit examination. 


When the pattern contains no digit selector 
or significance starter, no source bytes 
are fetched and examined. 


Significance Indicator: The significance 
indicator is turned on or off to indicate 
the significance Or nonsig nificance, 
respectively, of subsequent source digits 
Or message bytes. Significant source 
digits replace their corresponding digit 
selectors or Significance starters in the 
result. Significant message bytes remain 


unchanged in the result. 


its on or 
negative or 


The significance 
off state, indicates also the 
positive value, respectively, of a 
completed source field and is used as one 
factor in the setting of the condition 
code. 


indicator, by 


The indicator is set to off at the start of 
the editing operation, after a field 
separator is encountered, or after a source 
byte is examined that has a plus code in 
the rightmost four bit positions. 


The indicator is set to on when a 
Significance starter is encountered whose 
source digit is a valid decimal digit, or 
when a digit selector is encountered whose 
source digit is a nonzero decimal digit, 
provided that in both instances the source 
byte does not have a plus code in the 
rightmost four bit positions. 

In all 


other situations, the indicator is 
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not changed. A minus sign code has no 
effect on the significance indicator. 

Result Bytes: The result of an editing 
operation replaces and is equal in length 
to the pattern. It is composed of pattern 
bytes, fill bytes, and zoned source digits. 


If the pattern byte is a message 
the significance indicator is on, the 
message byte remains unchanged in the 
result. If the pattern byte is a field 
separator or if the significance indicator 
is off when a message byte is encountered 
in the pattern, the fill byte replaces the 
pattern byte in the result. 


byte and 


If the digit selector or 
starter is encountered in 
the significance indicator off and the 
source digit zero, the source digit is 
considered nonsignificant, and the fill 
byte replaces the pattern byte. If the 
digit selector or significance starter is 
encountered with either the significance 
indicator on or with a nonzero decimal 
source digit, the source digit is 
considered significant, is changed to the 
zoned format, and replaces the pattern byte 
in the result. 


Significance 
the pattern with 


Condition Code: The sign and magnitude of 
the last field edited are used to set the 
condition code. The term "last field" 


refers to those source bytes in the second 
operand selected by digit selectors or 
significance starters after the last field 
separator. When the pattern contains no 
field separator, there is only one field, 
which is considered to be the last field. 
The last field is considered to be of zero 
length if no digit selectors or 
significance starters appear in the 
pattern, if none appear after the last 
field separator, or if the last byte in the 
pattern is a field separator. 


Condition code 0 is set when the last field 
is zero or of zero length. 


Condition code 1is set when the last field 
edited is nonzero and the significance 
indicator is on, indicating a result less 
than zero. 


Condition code 2 is set when the last field 
edited is nonzero and the significance 
indicator is off, indicating a result 
greater than zero. 


The figure “Summary of EDIT Functions" 
summarizes the functions of the editing 
operation. The leftmost four columns list 
all the significant combinations of the 
four conditions that can he encountered in 
the execution of an editing operation. The 
rightmost two columns list the action taken 
for each case--the type of byte placed in 
the result field and the new setting of the 
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significance indicator. 


0 Last field 
length 
Last field is less than zero 


1 
2 Last field is greater than zero 
3 


is zero or of zero 


Program Exceptions: 
Access (fetch, operand 2; fetch and 


store, operand 1) 
Data 


Programming Notes 


1. Examples of the use 
in Appendix A. 


of EDIT are given 


2. Editing includes sign 
control, and the suppression and 
protection of leading zeros by 
replacing them With blanks Or 
asterisks. It also facilitates 


and punctuation 


programmed blanking of all-zero 
fields. Several fields may be edited 
in one operation, and numeric 


information may be combined with text. 


3. As a rule, the source is shorter than 
the pattern, because each 4-bit source 
digit is generally replaced by an 
8-bit byte in the result. 

4. The total number of digit selectors 

and significance starters in the 

pattern must equal the number of 
source digits to be edited. 


5. If the fill byte isa 
Significance starter appears in the 
pattern, and if the source is all 
zeros, the editing operation blanks 
the result field. 


blank, if no 


6. The resulting condition code indicates 
whether or not the last field is all 
zeros and, if nonzero, reflects’ the 
state of the Significance indicator. 
The significance indicator reflects 
the sign of the source field only if 
the last source byte examined contains 
a sign code in the low-order digit 
position. For multiple-field editing 


operations, the condition code 
reflects the sign and value only of 
the field following the last field 


separator. 


7. Significant performance degradation is 
possible when, with DAT on, the 
second-operand address of EDIT 
designates a location that is less 
than the length of the first operand 


C 


to the left of a 2,048-byte boundary. 
This is because the machine may 
perform a trial execution of the 
instruction to determine if the second 
operand actually crosses the boundary. 


Conditions 


aaa aS 


festa Soe 
| 
[ 
[ 
a 
{ | Previous State | 
l 


| Pattern Byte {Indicator [Digit 
Sa a a 
|Digit selector | off | 0 
{ | | 1-9 
| | | 1-9 
| | On | O-9 
| | 0-9 
[ | ( 
{Significance starter | off | 0 
[ | | 0 
( [ {| 1-9 
| | | 1-9 
| | On | O-9 
| | | 0-9 
| | l 
{Field separator | * | ** 
| | i 
{Message byte | off | ** 
| | On | ** 


A ES ee ree AN cr aie 


Th 
no 
op 


e second operand of EDIT, 


rmally shorter than 


the 


while 
first 


erand, can in the extreme case have 
the same length as the first. 


—_ 


| Results 


Page eine a rd 


ooo 
{State of 


|Significance| 


et 
{Right Four | 


lof Significance|Source|Source Bits | 


|Are Plus Code | Result Byte 
* {Fill byte 
No | Source digit 
Yes | Source digit 
No | Source digit 
Yes |Source digit 
| 
No | Fill byte 
Yes | Fill byte 
No | Source digit 
Yes | Source digit 
No | Source digit 
Yes | Source digit 
| 
4% |Fill byte 
{ 
* | Fill byte 
* |Message byte 


| * No effect on result byte or on new state of significance indicator 
{ ** Not applicable because source is not examined 


Dee eee eee 


Summary of EDIT Functions 
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{Indicator at| 
[End of Digit| 
{Examination 


off 
On 
oft 
On 
off 


On 
Off 
On 
off 
On 
Off 


off 
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EDIT AND MARK 








EDMK D,q (L,Ba) , Do (Ba) [Ss] 

Se +7 y/o 
\° ADEY L | Ba | Da I Ba | Da | 
be ee) es 
0 8 16 20 32 36 47 
The second operand (the source), which 
normally contains one or more decimal 


numbers in the packed format, is changed to 
the zoned format and modified under the 
control of the first operand (the pattern). 
The address’ of each first significant 
result byte is inserted in general register 
1. The edited result replaces the pattern. 


The instruction EDIT AND MARK is identical 
to EDIT, except for the additional function 
of inserting the address of the result byte 
in bit positions 8-31 of general register 1 
whenever the result byte is a zoned source 
digit andthe significance indicator was 
off before the examination. Bits 0-7 of 
the register are not changed. 


Resulting Condition Code: 


0 Last field is zere or of zero 
length 
Last field is less than zero 


1 
2 Last field is greater than zero 
3 


Program Exceptions: 


Access (fetch, operand 2; fetch and 
store, operand 1) 
Data 


— eee ee es oe 


1. Examples of the use of EDIT AND MARK 


are given in Appendix A. 


2. The instruction EDIT AND MARK 
facilitates the programming of 
floating currency-symbol insertion. 
The address inserted in general 
register 1is one greater than the 
address where a floating currency-sign 
would be inserted. The instruction 
BRANCH ON COUNT (BCTR), with zero in 
the Rz, field, may be used to reduce 
the inserted address fry one. 


inserted in general 
significance 
as a result of 


3. No address is 
register 1 when the 
indicator is turned on 
encountering a significance starter 
with the corresponding source digit 
zero. To ensure that general register 
1 contains a valid address when this 
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occurs, the address of the pattern 
byte that immediately follows the 
Significance starter should be placed 


in the register beforehand. 


4. When multiple fields are edited with 
one EDIT AND MARK instruction, the 
address inserted in general register 1 
applies only to the last field edited. 


5. See also the programming note under 


EDIT regarding performance degradation 
due to a possible trial execution. 


MULTIPLY DECIMAL 


MP Da (La ,Ba) -Da (L2,Ba) Pss] 

oot oe oe I ot fe 
[ ‘'FC' [| La | Lo | Ba | Da | Ba | Da | 
Ne a J 
0 8 12 16 20 32 36 47 


The product of the first operand (the 
multiplicand) and the second operand (the 
multiplier) is placed in the first-operand 
location. The operands and result are in 
the packed format. 


The multiplier length cannot exceed 15 
digits and sign (Laz not greater than seven) 
and must be less than the  multiplicand 
length (La less than ILI4); otherwise a 
specification exception is recognized. The 
operation is suppressed, and a _ program 
interruption occurs. 


The multiplicand must have at least as many 
bytes of high-order zeros as the number of 
bytes in the multiplier; otherwise, a data 
exception 1S recognized, the operation is 
terminated, and a program interruption 
occurs. This restriction ensures that no 
product overflow occurs. 

The multiplicand, multiplier, and product 
are all signed decimal integers, 
Tight-aligned in their fields. All _ sign 
and digit codes of the multiplicand and 
multiplier are checked for validity. 


The sign of the product is determined by 
the rules of algebra from the multiplier 
and multiplicand signs, even if one or both 
operands are zeros. 


Condition remains 


unchanged. 


Code: The code 


Program Exceptions: 
Access (fetch, operand 2; fetch and 
store, operand 1) 
Data 
Specification 


Programming Notes 





1. An example of the use of MULTIPLY 
DECIMAL is given in Appendix A. 


2. The product cannot exceed 31 digits 
and sign. The leftmost digit of the 
product is always zero. 

SHIFT AND ROUND DECIMAL 
SRP Dg (La,Ba) -Da(Ba) -I3 [ss] 

a Sain Siena eatin Sie cucm iemmmiiiels Came! Sanna 

| ‘FO ¢ La [| Ia | Ba | Da | Bao | Do | 

nes ae Seeeeeee eee: Came y Saree eeeesiee! ineeey cee | 
0 8 12 16 20 32 36 47 
The first operand is’ shifted in the 


direction and for the number of 
decimal-digit positions specified by the 
second-operand address, and, when shifting 
to the right is specified, the absolute 
value of the first operand is rounded by 
the rounding digit, I. The first operand 
and the result are in the packed format. 
The first operand is considered to be in 
the packed-decimal format. Only its digit 
portion is shifted; the sign position does 
not participate in the shifting. Zeros are 
supplied for the vacated digit poSitions. 
The result replaces the first operand. 
Nothing is stored outside of the specified 
first-operand location. 


The second-operand address, 
the Bs and 


specified by 
Da fields, is not used to 
address data; bits 26-31 of that address 
are the shift value, andthe high-order 
bits of the address are ignored. 


The shift value is 
integer, indicating 
number of 


a six-bit signed binary 
the direction and the 
decimal-digit positions to be 


shifted. Positive shift values’ specify 
shifting to the left. Negative shift 
values, which are represented in two's 
complement notation, specify shifting to 
the right. The following are examples of 
the interpretation of shift values. 

Shift Value Amount and Pirection 

011111 31 digits to the left 

000001 One digit to the left 

000000 No shift 

111111 One digit to the right 
100000 32 digits to the right 


For a right shift, the I, field, bits 12-15 
of the instruction, are used as a decimal 
rounding digit. The first operand, which 
is treated as positive by ignoring the 


sign, is rounded by decimally adding the 
rounding digit to the leftmost of the 
digits to be shifted out and by propagating 
the carry, if any, to the left. The result 
of this addition is then shifted right. 
Except for validity checking and the 
participation in rounding, the digits 
shifted out of the low-order decimal-digit 
position are ignored and are lost. 


If one or more Significant digits are 
shifted out of the high-order digit 
positions during a left shift, decimal 
overflow occurs. The operation is 
completed. The result is obtained by 
ignoring the overflow information, and 
condition code 3 is set. Tf the 


decimal-overflow mask iS one, a program 
interruption for decimal overflow takes 
place. Overflow cannot occur for a right 


shift, with or without rounding, or when no 
shifting is specified. 


of overflow, the sign of a 
is made positive. Otherwise, 
the Sign of the result is the same as the 
original sign, but the code is the 
preferred sign code. 


In the absence 
zero result 


A data exception is recognized when the 
first operand does not have valid sign and 
digit codes or when the rounding digit is 
not a valid digit code. The validity of 
the first-operand codes is checked even 
when no shift is specified, and the 
validity of the rounding digit is checked 
even when no addition for rounding takes 
place. 


0 Result is zero 

1 Result is less than zero 

2 Result is greater than zero 
3 Overflow 


Access (fetch and store, operand 1) 
Data 
Decimal Overflow 


rogramming Notes 


1. Examples of the use of SHIFT AND ROUND 
are given in Appendix A. 


2- SHIFT AND ROUND can be used for 
shifting up to 31 digit positions left 
and up to 32 digit positions right. 
This is sufficient to clear all digits 
of any decimal number even with 
rounding. 


3. For right shifts, the rounding digit 5 
provides conventional rounding of the 
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result. The rounding digit 0 
specifies truncation without rounding. 


4. When the Bz field is zero, the six-bit 


shift value is obtained directly fron 
bits 42-47 of the instruction. 


SUBTRACT DECIMAL 


52 Da (L4,Ba),D2(L2,Ba) [Ss ] 





SS eS a ae eee 
| "FB" [| Ls | La | Bs | Da | Ba | Da | 
a Cee oe eas ey a en meey ae 
0 8 12 16 20 32 36 47 


The second operand is subtracted from the 
first operand, and the resulting difference 
is placed in the first-operand location. 
The operands and result are in the packed 
format. 


SUBTRACT DECIMAL is executed the same as 
ADD DECIMAL, except that the second operand 
is considered to have a sign opposite to 
the sign in storage. The second operand in 
storage remains unchanged. 


Difference is zero 

Difference is less than zero 
Difference is greater than zero 
Overflow 


Why = © 


Program Exceptions: 
Access (fetch, operand 2; fetch and 
store, operand 1) 


Data 
Decimal Overflow 


ZERO AND ADD 


ZAP Da (La-Ba) Da (La,EFa) [ss] 


(a a a 
| 'FP8' {| Ly | Lo | Ba | Da | Ba | Do | 
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The second operand is placed in the 
first-operand location. The operation is 
equivalent to an addition to zero. The 
operand and result are in the packed 
format. 


Only the second operand is checked for 
valid sign and digit codes. Extra 
high-order zeros are supplied for the 
shorter operand if needed. 


If the first operand is too. short. to 
contain all significant digits of the 
second operand, decimal overflow occurs. 
The operation is completed. The result is 
obtained by ignoring the overflow 
information, and condition code 3 is set. 
If the decimal-overflow mask is one, a 
program interruption for decimal overflow 
takes place. 


A zero result is positive. However, when 
Significant high-order digits are lost 
because of overflow, a zero result has the 
sign of the second operand. 


The two operands may overlap, provided the 
rightmost byte of the first operand is 
coincident with or to the right of the 
rightmost byte of the second operand. In 
this case the result is obtained as if the 
operands were processed right to left. 


Resulting Condition Code: 


0 Result is zero 

1 Result is less than zero 

2 Result is greater than zero 
3 Overflow 


Program Exceptions: 


Access (fetch, 
operand 1) 

Data 

Decimal Overflow 


operand 2; store, 


Programming Note 


An example of the use of ZERO AND ADD is 
given in Appendix A. 


J 
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Floating-point instructions are used to 
perform calculations oon operands with a 
wide range of magnitude and to yield 


results scaled to preserve precision. 


The floating-point instructions provide for 
loading, rounding, adding, subtracting, 
comparing, multiplying, dividing, and 
storing, as well as controlling the sign of 
short, long, and extended operands. Short 
operands generally permit faster processing 
and require less storage than long or 
extended operands. On the other hand, long 
and extended operands permit greater 
precision in computation. Four floating- 
point registers are provided. Instructions 
may perform either register-to-register or 
storage-and-register operations. 


Most of the instructions generate 
Normalized results, which preserve the 
highest precision in the operation. For 


instructions are 
generate unnormalized 
results. Either normalized or unnormalized 
humbers may be used as operands for any 
floating-point operation. 


addition and subtraction, 
also provided that 


The rounding and extended-operand instruc- 


tions are part of the extended-precision 
floating-point feature. The other 
floating-point instructions and the 


floating-point registers are 
floating-point feature. 


part of the 


FLOATING-POINT NUMBER REPRESENTATION 


era eraapetectiare — ERD. a TT NO cies 


A floating-point number consists of a 
Signed hexadecimal fraction and an unsigned 
seven-bit binary integer called the 
characteristic. The characteristic 
represents a signed exponent and is 
obtained by adding 64 to the exponent value 
(excess-64 notation). The range of the 
characteristic is 0 to 127, which 
corresponds to an exponent range of -64 to 
+63. The value of a floating-point number 
is the product of its fraction and the 
number 16 raised to the power of the 
exponent which is represented by its 
characteristic. 


The fraction of a floating-point number is 
treated as a hexadecimal number because it 
is considered to be multiplied by a number 
which is a power of 16. The name, 
fraction, indicates that the radix point is 
assumed to be immediately to the’ left of 
the leftmost fraction digit. The fraction 
is represented by its absolute value and a 
separate sign bit. The entire number is 
positive or negative, depending on whether 
the sign bit of the fraction is zero or 
one, respectively. 


When a floating-point operation would cause 
the result exponent to exceed 63, the 
characteristic wraps around from 127 to 0, 
and an exponent-overflow condition exists. 
The result characteristic is then too small 
by 128. When an operation would cause the 
exponent to be less than -64, the 
characteristic wraps around from 0 to 127, 
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and an exponent-underflow condition exists. 
The result characteristic is then too large 
by 128, except that a zero characteristic 
is produced when a true zero is forced. 


A true zero is a floating-point number with 


a zero characteristic, zero fraction, and 
plus sign. A true zero may arise as the 
normal result of an arithmetic operation 


because of the particular 
operands. The result 
true zero when: 


magnitude of the 
is forced to be a 


1. An exponent underflow occurs and the 
exponent-underflow mask bit in the PSW 
is zero, 


an addition or 
zero and the 
the PSW is 


2. The result fraction of 
subtraction operation is 
significance mask bit in 
Zero, Or 


3. The operand of HALVE, one or both 
operands of MULTIPLY, or the dividend 
in DIVIDE has a zero fraction. 


When a program interruption for exponent 
underflow occurs, a true zero is not 
forced; instead, the fraction and _ sign 


remain correct, and the characteristic is 
too large by 128. When a progran 
interruption for significance occurs, the 


fraction remains zero, the sign is 
positive, andthe characteristic remains 
correct. 


The sign of a sum, difference, product, or 
quotient with a zero fraction is positive. 
The sign of a zero fraction resulting fron 
other operations is established from the 
operand Sign, the same as for nonzero 
fractions. 


ee a ee ee ae 


A quantity can be represented with the 


greatest precision by a floating-point 
number of a given fraction length when that 
number is normalized. A normalized 
floating-point number has a nonzero 
leftmost hexadecimal fraction digit. If 
one or more leftmost fraction digits are 
zeros, the humber is said to be 
unnor malized. 

Unnormalized numbers are normalized by 


shifting the fraction left, one digit at a 
time, until the leftmost hexadecimal digit 
is nonzero and reducing the characteristic 
by the number of hexadecimal digits 
shifted. A number with a zero fraction 
cannot be normalized; its characteristic 
either remains unchanged, or it is made 
zero when the result is forced to be a true 
zero. 
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Floating-point operations may be performed 
with or without normalization. Most 
operations are perforned only wi th 
normalization. Addition and subtraction 
with short or long operands may be 
specified as either normalized or 
unnormalized. 


With unnormalized 
zeros in the 
eliminated. The 
normalized, 
operands. 


operations, leftmost 
result fraction are not 

result may or may not be 
depending upon the original 


In both normalized and unnormalized 
operations, the initial operands need not 
be in normalized forn. The operands for 
multiplication and division are normalized 
before the arithmetic process. For other 
normalized operations, normalization takes 
place when the intermediate arithmetic 
result is changed to the final result. 


When the intermediate result of addition, 
subtraction, or rounding causes the 
fraction to overflow, the fraction is 
shifted right by one hexadecimal-digit 


position and the value one is placed in the 
vacated leftmost digit position. The 
fraction is then truncated to the final 
result length, while the characteristic is 
increased by one. This adjustment is made 
for both normalized and unnormali zed 
operations. 


Programming Note 


Up to three leftmost bits of the fraction 
of a normalized number may be zeros, since 


the nonzero test applies to the entire 
leftmost hexadecimal digit. 
FLOATING-POINT-DATA FORMAT 
Floating-point numbers have a 32-bit 


(short) format, a 64-bit (long) format, or 
a 128-bit (extended) format. Numbers in 
the short and long formats may be 
designated as operands both in storage and 
in the floating-point registers, whereas 
operands having the extended format can be 
designated only in the floating-point 
registers. 


The floating-point registers contain 64 
bits each and are numbered 0, 2, 4, and 6. 
A short or long floating-point number 
requires a single floating-point register. 
An extended floating-point number requires 
a pair of these registers: either 
registers 0 and 2 or register 4 and 6; the 
two register pairs are designated as 0 or 
4, Tespectively. When the R, or Rg field 


J 


of a floating-point instruction designates 
any register number other than 0, 2, 4, or 


6 for the short or long format, or any 
register number other than 0 or 4 for the 
extended format, the operation is 


suppressed, and a program interruption for 
specification exception occurs. 


Short Floating—Point Number 


SSS | aaa 
|S|Characteristic| 6—Digit Fraction | 
A a a 
0 1 8 31 


Long Floating—Point Number 





4 eS ee /-— 
|S|Characteristic| 14-—Digit Fraction | 
a ee eee Ree er eee a f Perea 
0. 61 8 63 


Extended Floating—Point Number 


High—Order Part 


| | High-—Order | Leftmost 14 Digits [ 
|S|Characteristic| of 28—-Digit Fraction | 


0 1 8 63 





Low—Order Part 
cc OOO TE OO / OO 
| | Low—Order | Rightmost 14 Digits [ 


[S|Characteristic| of 28—Digit Fraction | 
[el | 


64 72 127 


In all formats, the first bit (bit 0) is 
the sign bit (S). The next seven bits are 
the characteristic. In the short and long 
formats, the remaining bits constitute the 
fraction, which consists of six or 14 
hexadecimal digits, respectively. 


A short floating-point numker occupies only 
the leftmost 32 bit positions of a 
floating-point register. The rightmost 32 
bit positions of the register are ignored 
when used aS an operand in the short format 
and remain unchanged when a short result is 
placed in the register. 


An extended floating-point number has a 
28-digit fraction and consists of two long 
floating-point numbers which are called the 
high-order and low-order parts. The 
high-order part may be any long 
floating-point number. The fraction of the 
high-order part contains the leftmost 14 
hexadecinal digits of the 28-digit 
fraction. The characteristic and sign of 
the high-order part are the characteristic 


and sign of the extended floating-point 
number. If the high-order part is 
normalized, the extended number is 


considered normalized. The fraction of the 
low-order part contains the rightmost 14 
digits of the 28-digit fraction. The sign 
and characteristic of the low-order part of 
an extended operand are ignored. 

When a result inthe extended format is 
placed in a register pair, the sign of the 
low-order part is made the same as that of 
the high-order part, and, unless the result 
is a true zero, the low-order 
characteristic is made 14 less than’ the 
high-order characteristic. When the 
subtraction of 14 would cause the low-order 
characteristic to become less than zero, 
the characteristic is made 128 qreater than 
its correct value. Exponent underflow is 
indicated only when the high-order 
characteristic underflows. 


made a true 
and low-order 


When an extended result is 
zero, both the high-order 
parts are made a true zero. 
The range covered by the magnitude (M) of a 
normalized floating-point number depends on 
the format. 
In the short format: 

16-5 < M < (1 - 16-6) x 1683 
In the long format: 

16-65 < M < (1 - 16-14%) x 1663 
In the extended format: 

16-5 < M < (1 - 16-28) x 1683 


In all formats, approximately: 


5-4 x 10779 < M < 7.2 x 1075 


Although the final result of a 
floating-point operation has six 
hexadecimal fraction digits in the short 


format, 14 fraction digits in the long 
format, and 28 fraction digits in the 
extended format, intermediate results have 
one additional hexadecimal digit on the 


right. This digit is called the guard 
digit. The guard digit may increase the 
precision of the final result because it 


participates in addition, subtraction, and 
comparison operations and in the left shift 
that occurs during normalization. 


The entire set of floating-point operations 
is available for both short and long 
operands. These instructions generate a 
result that has the same format as the 
operands, except that for MULTIPLY, a long 
product is produced from a short multiplier 
and multiplicand. Extended floating-point 


instructions are provided only for 
normalized addition, subtraction, and 
multiplication. Two additional 
multiplication instructions generate an 
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extended product from a long multiplier and 
multiplicand. The rounding instructions 
provide for rounding from extended to long 
format and from long to short format. 


1. A long floating-point number can be 
converted to the extended format by 
appending any long floating-point 
number having a Zero fraction, 
including a true zero. Conversion 
from the extended to the long format 
can be accomplished by truncation or 
by means of LOAD RCUNDED. 


2. In the absence of an exponent overflow 
Or exponent underflow, the long 
floating-point number constituting the 
low-order part of an extended result 
correctly expresses the value of the 
low-order part of the extended result 
when the characteristic of the 
high-order part is 14 or higher. This 
applies also when the result is a true 
zero. When the high-order 
characteristic is less than 14 but the 
number is not a true zero, the 
low-order part, when addressed aS a 
long floating-point number, does not 
have the correct characteristic value. 


3. The entire fraction of an extended 
result participates in normalization. 
The low-order part alone may or may 
not appear to be a normalized long 
floating-point number, depending on 
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whether the 5th digit of the 
normalized 28-digit fraction is 
nonzero or zero. 


INSTRUCTIONS 


The floating-point instructions and their 
mnemonics, formats, and operation codes are 


listed in the figure "Summary of 
Floating-Point Instructions." The figure 
also indicates when the condition code is 
set and the exceptional conditions in 


operand designations, data, or results that 
cause a program interruption. 


Mnemonics for the floating-point 
instructions have an Ras the last letter 
when the instruction is in the’ RR format. 
For instructions where all operands are the 
same length, certain letters are used _ to 
represent operand- format length and 
normalization, as follows: 


short normalized 
short unnormalized 
long normalized 
long unnormalized 
extended normalized 


Ssm0c rf 


Note: In the detailed descriptions of the 
individual instructions, the mnemonic. and 
the symbolic operand designation for the 
assembler language are shown with each 
instruction. For a register-to-register 
operation using LOAD (short), for example, 
LER is the mnemonic and R4,Ra the operand 
designation. 


C 





Se — SS Se ee 
| |[Mne— | | Op [ 
| Nane | monic| Characteristics {Code | 
= —_—_- >} 1-———_—- oe OOO OSA HA 
|ADD NORMALIZED (extended) |AXR [RR CC XP| SP|EU EO LS | | 36 | 
{ADD NORMALIZED (long) | ADR IRR Cc FP SP|EU EO LS | | 2A | 
[ADD NORMALIZED (long) | AD |RX C FP| A SP|EU EO LS | [6A | 
{ADD NORMALIZED (short) | AER IRR Cc FPI| SP|EU EO LS | ] 3A | 
|ADD NORMALIZED (short) | AE |RX Cc FP| A SP|EU EO LS | | 7A | 
-——_-—————————_—___---— eS eee 
JADD UNNORMALIZED (long) | AWR {RR C FP SP | EO LS | | 2E | 
{ADD UNNORMALIZED (long) | AW [RX Cc FP A SP | EO LS | [68 | 
[ADD UNNORMALIZED (short) | AUR IRR Cc FP| SP | EO LS | | 3E | 
[ADD UNNOCRMALIZED (short) | AU IRX CC  FP| A SP | EO LS | | 7E | 
[COMPARE (long) |CDR {RR Cc FP| SP | [ [29 | 
-—_——— SEE RE SEE EE See Be 
{COMPARE (long) [CD IRX Cc FP| A SPI 169 | 
|COMPARE (short) | CER [RR CC FP| SP | | | 39 | 
[COMPARE (short) |CE IRX Cc FP| A SP | | | 79 | 
|DIVIDE (long) | DDR | RR FP | SP|[EU EO FK | | 2D | 
| DIVIDE (long) | DD | RX FP | A SP|EU EO FK | | 6D | 

eet ee tS eet dT 
[DIVIDE (short) {DER [RR FP | SP|EU EO FK | | 3D | 
| DIVIDE (short) | DE | RX FP | A SP|EU EO FK | | 7D | 
J|HALVE (long) | HDR [RR FP | SP| EU | | 24 | 
|HALVE (short) | HER [RR FP | SP| EU | [34 | 
[LOAD (long) {LDR | FR FP | SP | | [28 | 
-—_—_-—___- ——_ Oh td SA eee aA sd tS 
{LOAD (long) | LD | RX FP | A SP | | | 68 | 
J|LOAD (short) [LER [RR FP | SP | | {38 | 
{LOAD (short) | LE | RX FP | A SP | | | 78 | 
{LOAD AND TEST (long) |LTDR |RR C_ FP| SP | | | 22 | 
[LOAD AND TEST (short) {LTER [RR C_ FP| SP | l | 32 | 
Se ee ee 
{LOAD COMPLEMENT (long) |LCDR |RR C_ FP| SP | | {23 | 
[LOAD COMPLEMENT (short) {LCER {RR C_ FPI SP | [ 133 | 
[LOAD NEGATIVE (long) |LNDR IRR CFP SP | [21 
[LOAD NEGATIVE (short) |LNER [RR C_~ FP| SP | | {31 | 
{LOAD POSITIVE (long) |LPDR IRR C_ FP SP | | | 20 | 
Se eS SE 
[LOAD POSITIVE (short) |LPER {FR CFP SP | l [30 l 
[LOAD ROUNDED (extended to long) |LRDR {RR XP | SP | EO | [25 | 
|LOAD ROUNDED (long to short) |LRER | RR XP | SP | EO | | 35 | 
| MULTIPLY (extended) [MXR  |RR XP | SP|EUO EO | | 26 { 
[MULTIPLY (long) |MDR JFR FP | SP|EU EO | | 2c | 
ee SSS nS Sn San: Sin Sn: Tn a | 
| MULTIPLY (lonq) | MD [RX FP | A  SP|EU EO | | 6C | 
|MULTIPLY (long to extended) {|MXDR |RR XP | SP|EU EO | | 27 | 
| MULTIPLY (long to extended) | MXD | RX XP | A SP|EU EO | | 67 | 
{MULTIPLY (short to long) | MER |RR FP | SP|EU EO | | 3c | 
| MULTIPLY (Short to long) | ME [RX FP | A SP|EU EO | | 7c | 
——__——-—_——_—________ tH tH dt tH HHA 
|STORE (long) |STD [RX FP | A SP | | ST| 60 | 
|STORE (short) | STE | RX FP | A SP | | ST| 70 | 
[SUBTRACT NORMALIZED (extended) |SXR IRR Cc XP SP|EU EO LS | | 37 | 
(SUBTRACT NORMALIZED (long) | SDR |RR C_ FP| SP] EU EO LS | | 2B | 
{SUBTRACT NORMALIZED (lonq) | SD [RX Cc FP A SP] EU EO LS | | 6B | 
_— ee rd 
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o__ eg ae ge ee Te ee a ee a 
I |Mne— | | Op | 
| Name [monic| Characteristics [Code | 
= SS eed 
|SUBTRACT NORMALIZED (short) | SER IFR Cc FP SP{EU EO LS | | 3B | 
|SUBTRACT NORMALIZED (short) |SE {RX C  FP| A SP|EU EO LS | | 7B | 
I|SUBTRACT UNNORMALIZED (long) [SWR {RR C_ FP] SP | EO LS| | 2F | 
|SUBTRACT UNNORMALIZED (long) | SW IRX CC FP A SP | EO LS| | 6F | 
[SUBTRACT UNNORMALIZED (short) ISUR |RR C_ FP| SP | EO LS | | 3F | 
[SUBTRACT UNNORMALIZED (short) {SU IRX CC FP A SP| EO LS | | 7F | 
|_—_$ $$ st st st 
E anation: 


xpl 
A Access exceptions 

Cc Condition code is set 

EO Exponent—overflow exception 

EU Exponent—underflow exception 

FK Floating—point—divide exception 
FP Floating—point feature 

LS Significance exception 

RR RR instruction format 

RX RX instruction format 

SP Specification exception 

ST PER storage alteration event 

XP 


Ms 


Extended—precision floating—point feature 





Summary of Floating—Point Instructions (Part 2 of 2) 


ADD NORMALIZED 


rRR, Short Operands] 


AE Ra,Da(Xo,Ba) [RX, Short Operands] 
SSS ee 
| ‘'7A* | Ra | Xa 1 Ba | D2 | 
a 
0 8 12 16 20 31 


(RR, Long Operands ] 


AD RaeDa(Xa,Ba) [RX, Long Operands ] 
| i le neces eis, eee | 
{ 'OA! [| Ra | Xa | Ba | Da [ 
a 
0 8 12 16 20 31 
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AXR R4,Ro (RR, Extended Operands] 
ony a a ae 
| '36" |{ Ra { Ro | 


ee ee 
0 8 12 15 


the first 
is placed 


The second operand is added to 
operand, and the normalized sum 
in the first-operand location. 


Addition of two floating-point numbers 
consists in characteristic comparison, 
fraction alignment, and fraction addition. 
The characteristics of the two operands are 
compared, and the fraction accompanying the 
smaller characteristic is aligned with the 
other fraction by a right shift, with its 
characteristic increased by one for each 
hexadecimal digit of shift until the two 
characteristics agree. 


When 
alignment, the 


a fraction is shifted right during 
leftmost hexadecimal digit 
shifted out is retained as a guard digit. 
The fraction that is not shifted is 
considered to be extended with a zero in 
the guard-digit position. When no 
alignment shift occurs, both operands are 
considered to be extended with zeros in the 
guard-digit position. The fractions are 
then added algebraically to form an 
intermediate sun. 


The intermediate-Sum fraction consists of 
seven (Short format), 15 (long format), or 
29 (extended format) hexadecimal digits, 
including the guard digit, and a possible 
carry. If a carry is present, the sum is 


J 


shifted right one digit position so that 
the carry becomes the leftmost digit of the 
fraction, and the characteristic is 
increased by one. 


If the 
intermediate-sum fraction 
aS necessary to 
hexadecimal zero digits 
addition, provided the 
Zero. Vacated rightmost digit positions 
are filled with zeros, and the 
characteristic is reduced by the number of 
hexadecimal digits of shift. The fraction 
thus normalized is then truncated on the 


addition produces no carry, the 
is shifted left 
eliminate any leading 
resulting from the 

fraction is not 


right to six (short format), 14 (long 
format), or 28 (extended format) 
hexadecimal digits. In the extended 


format, a characteristic is generated for 
the low-order part, which is 14 less than 
the high-order characteristic. 

The Sign of the sum is determined by the 
rules of algebra, unless all digits of the 
intermediate-sum fraction are zero, in 
which case the sign is made plus. 


An exponent-overflow 
recognized when 


exception is 
a carry from the leftmost 


position of the intermediate-sum fraction 
would cause the characteristic of the 
normalized sum to exceed 127. The 


operation is completed by making the result 


characteristic 128 less than the correct 
value, and a program interruption for 
exponent overflow takes place. The result 


sign and fraction remain correct, and, for 


AXR, the characteristic of the low-order 
part remains correct. 

An exponent-underflow exception is 
recognized when the characteristic of the 
normalized sum would be less than zero and 
the fraction is not zero. If the 


exponent-underflow mask tit is one, the 
operation is completed by making the result 
characteristic 128 greater than the correct 


value. The result sign and fraction remain 
correct, and a program interruption for 
exponent underflow takes place. When 
exponent underflow occurs and the 


exponent-underflow mask bit is zero, a 
program interruption does not take place; 
instead, the operation is completed by 
making the result a true zero. For AXR, no 
exponent underflow is recognized when the 
characteristic of the low-order part would 
be less than zero but the characteristic of 


the high-order part is zero or greater. 


The result fraction is zero when the 
intermediate-sum fraction, including the 
guard digit, is zero. With a zero result 
fraction, the action depends on the setting 
of the Significance mask bit. If the 
Significance mask bit is one, no 
normalization occurs, the intermediate and 
final result characteristics are the same, 
and a program interruption for significance 


takes place. If the significance mask bit 
is zero, the program interruption does not 
occur; instead, the result is made a true 
zero. 


The R, field for AER, AE, ADR, and AD, and 
the Ra field for AER and ADR must designate 
register 0, 2, 4, or 6. The Ry, and Rg 
fields for AXR must designate register 0 or 
4. Otherwise, a specification exception is 
recognized. 


Resulting Condition Code: 
0 Result fraction is zero 
1 Result is less than zero 
2 Result is greater than zero 
3 


Program Exceptions: 





Access (fetch, operand 2 of AE and AD 
only) 

Exponent Overflow 

Exponent Underflow 

Operation (if the 
feature is not 
AXR, if the 
floating-point 
installed) 

Significance 

Specification 


floating-point 
installed, or, for 
extended- precision 
feature is not 


Programming Notes 


1. Interchanging the two operands in a 
floating-point addition does not 
affect the value of the sun. 


2. The ADD NORMALI ZED instructions 
normalize the sum but not the 
operands. Thus, if one or both 
operands are unnormalized, precision 


may be lost during fraction alignment. 


ADD UNNORMALIZED 


AUR Rq,Ra [RR, Short Operands] 
| ‘'3E*" | Ra | Ra | 

a ied creer 

0 8 12 #15 

AU Rae Da(XaeBa) [ RX, Short Operands] 
| es 2 

| ‘"7E" | Rs | Xa | Ba | Da | 
a 

0 8 12 16 20 31 
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AWR Ra Ro [RR, Long Operands] 


as aT: aaa 
[| f2E" [ Rs | Ro | 


AW Ra , Do (Xa/Ba) { RX, Long Operands ] 


CS a oe ee ee ee Te ere ee en 
| ‘"6E" | Ra | Xo | Ba | Da | 
[ee ee ee es ee 


0 8 12 16 20 31 


The second operand is added to the first 
operand, and the unnormalized sum is placed 
in the first-operand location. 


The execution of ADD UNNORMALIZED is 
identical to that of ADD NORMALIZED, except 
that: 


1. When no carry is 
addition, the intermediate-sunm 
fraction is truncated tothe proper 
result-fraction length without a left 
shift to eliminate leading hexadecinal 
zeros and without the corresponding 
reduction of the characteristic. 


present after the 


2. Exponent underflow cannot occur. 


3. The guard digit does not participate 
in the recognition of a zero result 
fraction. A zero result fraction is 
recognized when the fraction, that is, 
the intermediate-sun fraction, 
excluding the guard digit, is zero. 


The Rq and Rg fields must designate 
register 0, 2, 4, or 63 otherwise, a 
specification exception is recognized. 


Resulting Condition Code: 


0 Result fraction is zero 

1 Result is less than zero 

2 Result is greater than zero 
3 


Program Exceptions: 
Access (fetch, operand 2 of AU and AW 
only) 

Exponent Overflow 

Operation (if the floating-point 
feature is not installed) 

Significance 

Specification 


Except when the result is made a true zero, 
the characteristic of the result of ADD 
UNNORMALIZED is equal to the greater of the 
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two operand 
one if the 
carry. 


characteristics, increased by 
fraction addition produced a 


COMPARE 


CER Ra Ra [ RR, Short Operands] 


SSS ed 

| "39" | Ra | Ra | 

ee eer ane, arene’ 

0 8 12 15 

CE Ra ,Da (Xa,Ba) [RX, Short Operands] 
SS ee 

| "79" | Ra | Xa I Bo | Da [ 


en fa a en, Se eee 
0 B 12 16 20 31 


[RR, Long Operands] 


CD Ra, Da (Xa,Ba) [ RX, Long Operands] 


oo Sn Sn Se Se 
| "69" | Ra | Xa | Ba | Da | 
8 


0 8 12 16 20 31 


with the 
code is 


The first operand is compared 
second operand, and the condition 
set to indicate the result. 


The comparison is algebraic and follows the 
procedure for normalized floating-point 
subtraction, except that the difference is 
discarded after setting the condition code 
and both operands remain unchanged. When 
the difference, including the guard digit, 
is zero, the operands are equal. When a 
nonzero difference is positive or negative, 
the first operand is high or low, 
respectively. 


An exponent-overflow, exponent-underflow, 
or significance exception cannot occur. 


The Ry, and Ra fields must desiqnate 
register 0, 2, 4, or 6; otherwise, a 
specification exception is recoqnized. 


et RE MN cnet esr ea MRS 


Operands are equal 
First operand is low 
First operand is high 


Resulting Condition Code: 
0 
1 
2 
3 


J 


9 


J 


Program Exceptions: 
Access (fetch, operand 2 of CE and CD 
only) 
Operation (if the floating-point 
feature is not installed) 
Specification 


Programming Notes 


1. An exponent inequality alone is not 
sufficient to determine the inequality 
of two operands with the same sign, 
because the fractions may have 
different numbers of leading 
hexadecimal zeros. 


2. Numbers with zero fractions compare 
equal even when they differ in sign or 
characteristic. 


DIVIDE 

DER R,,Ra [RR, Short Operands ] 
CO ee ee ee 

| "3D" | Ra { Ro | 


a 
0 8 12. #15 


DE RaeDa(Xa,Bo) [FX, Short Operands] 


CoS ee ee ee ey ee eg ne oa ee 


| ‘'7pD* | Fa | Xo | Ba 1 Da | 
ae ee a Pee! ae ran ee er 
0 8 12 16 20 31 
DDR R4,Ra [RR, Long Operands ] 
| Aaa: Saar 

| "2D" | Ra I Ra | 
ee en Mens | 

0 8 12 15 


DD R4,Da(Xa,Ba) (RX, Long Operands ] 





Tr TT 
| ‘*6p8 1 Ra | Xa t Ba | Da ! 
a 


0 8 12 16 20 31 


The first operand (the dividend) is divided 
by the second operand (the divisor), and 
the normalized quotient is placed in the 
first-operand location. No remainder is 
preserved. 


consists in 
and fraction 


division 
subtraction 


Floating-point 
characteristic 


division. The operands are first 
normalized to eliminate leading hexadecimal 
zeros. The difference between the dividend 
and divisor characteristics of the 
normalized operands, plus 64, is used as 
the characteristic of an intermediate 
quotient. 


All dividend and divisor fraction digits 
participate in forming the fraction of the 
intermediate quotient. The 
intermediate-quotient fraction can have no 
leading hexadecimal zeros, but a 
right-shift of one digit position may be 
necessary with an increase of the 
characteristic by one. The fraction is 
then truncated to the proper result- 
fraction length. 


An exponent-overflow exception is 
recognized when the characteristic of the 
final quotient would exceed 127 and the 
fraction is not zero. The operation is 
completed by making the characteristic 128 
less than the correct value. The result is 
normalized, and the Sign and fraction 
remain correct. A program interruption for 
exponent overflow occurs. 


An exponent-underflow exception exists when 
the characteristic of the final quotient 
would be less than zero and the fraction is 
not zero. If the exponent-underflow mask 
bit is one, the operation is completed by 
making the characteristic 128 greater than 
the correct value, and a program 
interruption for exponent underflow occurs. 
The result is normalized, and the sign and 


fraction remain correct. If the 
exponent-underflow mask bit is zero, a 
program interruption does not take place; 


instead, the operation is completed by 
making the quotient a true zero. 


Exponent underflow does not occur when an 
operand characteristic becomes less’- than 
zero during normalization of the operands 
or when the intermediate-quotient 
characteristic is less than zero, as long 
as the final quotient can be represented 
with the correct characteristic. 


When the divisor fraction is zero, the 
operation is suppressed, and a program 
interruption for floating-point divide 


occurs. 
by zero. 


This includes the division of zero 


When the dividend fraction is zero, but the 
divisor fraction is nonzero, the quotient 
is made a true zero. No exponent overflow 
or exponent underflow occurs. 


The sign of the quotient is 
the rules of algebra, 
is always plus when the 
true zero. 


determined by 
except that the sign 
quotient is made a 


The R, field for DER, DE, DDR, and DD, and 
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the Roa field for DER and DDR, must 
designate register 0, 2% 4, or 6. 
Otherwise, a specification exception is 
recognized. 
Condition remains 
unchanged. 


Code: The code 


Program Exceptions: 
Access (fetch, operand 2 of DD and DE 
only) 

Exponent Overflow 

Exponent Underflow 

Floating-Point Divide 

Operation (if the floating-point 
feature is not installed) 

Specification 


HALVE 


HER Ra ,Roa [RR, Short Operands] 


HDR RazRo [FR, Long Operands } 


| ‘248 {| Ra | Ro | 
Bisa a a Pe ad 


0 8 12. 15 


The second operand is divided by 2, and the 
normalized quotient is placed in the 
first-operand location. 


The fraction of the second operand is 
shifted right one bit position, placing the 
contents of the rightmost bit position into 
the leftmost bit position of the guard 
digit and introducing a zero into the 
leftmost bit position of the fraction. The 
intermediate result, including the guard 
digit, is then normalized, andthe final 
result is truncated to the proper length. 


An exponent-underflow exception exists when 
the characteristic of the final result 
would be less than zero and the fraction is 
not zero. If the exponent-underflow mask 
bit is one, the operation is completed by 
making the characteristic 128 greater than 
the correct value, and a program 
interruption for exponent underflow occurs. 
The result is normalized, andthe sign and 
fraction remain correct. If the 
exponent-underflow mask Eit is zero, a 
program interruption does not take place; 
instead, the operation is completed by 
making the result a true zero. 
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When the fraction of the second operand is 
zero, the result is made a true zero, and 
no exponent underflow occurs. 


The sign of the result is the same as that 
of the second operand, except that the sign 
is always plus when the quotient is made a 
true zero. 


The Ry and Rg fields must designate 
register 0, 2, 4, or 6; otherwise, a 
specification exception is recognized. 
Condition remains 
unchanged. 


Codes The code 


Program Exceptions: 





Exponent Underflow 


Operation (if the floating-point 
feature is not installed) 
Specification 


Programming Notes 


1. With short and long operands, the 
halve operation is identical to a 
divide operation with the number 2 as 
divisor. Similarly, the result of HDR 
is identical to that of MD or MDR with 
one-half as a multiplier. No multiply 
operation corresponds to HER, since no 
multiply operation produces short 
results. 


2. The result of HALVE is zero only when 
the second-operand fraction is zero, 
or when exponent underflow occurs with 
the exponent-underflow mask set to 
zero. A fraction with zeros in every 
bit position, except for a one in the 
rightmost bit position, does not 
become zero after the right shift. 
This is because the one bit is 
preserved in the guard-digit position 


and becomes the leftmost bit after 
normalization of the result. 

LOAD 

LER R4,Ra (RR, Short Operands] 

| re: er es | 

! "38° | Ra | Roa | 

Eee ee es | 

0 8 12 15 


LE Ra,D2a(X2,Ba) [RX, Short Operands] 


Sa ee eS ee ee ee 

[| '78" | Ra { Xo | Ba | Da [ 
cs Meee! Maes! (ienesectna SEM een eee wre, 

0 8 12 16 20 31 
LDR Rq,Ro [RR, Long Operands} 
SS a ee 

| "28! [ Ra [| Rao | 

ee oe 

0 8B 12 15 

LD Ra¢Da (Xa,Ba) [RxX, Long Operands ] 
SSS eae a 

| 685 | Ra | Xo | Ba | Da [ 


Nn 
0 8 12 16 20 31 


The second operand is placed 
the first-operand location. 


unchanged in 


The Ry and Rs. fields must designate 
register 0, 2, 4, or 63; otherwise, a 
specification exception is recognized. 


Condition remains 


ee ee 


unchanged. 


Code: The code 


Program Exceptions: 
Access (fetch, operand 2 of LE and LD 
only) 
Operation (if the floating-point 
feature is not installed) 
Specification 


LOAD AND TEST 


LTER Rq,Ro fRR, Short Operands] 


| a ea ae | 
[| “32% | Fa | Ro | 
a 2 


0 8 12 15 


LTDR PF4,Roa [RR, Long Operands] 


sae ee 
| "22" | Ra [| Ro | 
ee eT 


0 8 12 15 


The second operand is placed 
the first-operand location, 
and magnitude are tested to 
setting of the condition code. 


unchanged in 
and its’ sign 
determine the 


The Rq and Ry, fields must 
reqister 0, 2, 4, or 6; 


designate 
otherwise, a 


specification exception is recognized. 


Resulting Condition Code: 

Result fraction is zero 
Result is less than zero 
Result is greater than zero 


WN = © 


Program Exceptions: 


Operation (if the floating-point 
feature is not installed) 
Specification 


Programming Note 


When the same register is specified as the 
first-operand and second-operand location, 
the operation iS equivalent to ae test 
without data movement. 


LOAD COMPLEMENT 


LCER R4,Re2 [RR, Short Operands] 


Ce 5 ae ee eo ee 
| "33" | Ra | Ro | 
a 


0 8 12 15 


LCDR Rq,Ro [RR, Long Operands] 


Ca 
f "23" [ Ra [| Ra { 
EEE ——— EE SS 


0 8 12 #15 


The second 
first-operand 
inverted. 


operand is'7 placed in the 
location with the sign bit 


The sign bit iS inverted, even if the 
fraction is zero. The characteristic and 
fraction are not changed. 


The Ry and RR. fields must designate 
register 0, 2, 4, or 63; otherwise, a 
specification exception is recognized. 


Resulting Condition Code: 
Result fraction is zero 


0 

1 Result is less than zero 

2 Result is greater than zero 
3 


Program Exceptions: 


Operation (if the floating-point 
feature is not installed) 
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Specification 
LOAD NEGATIVE 


LNER F4,Ro [RR, Short Operands ] 


Cer ye = ee. ON 
| "31" [| Ra | Ra | 


LNDR Rqa,Ro .RR, Long Operands ] 


otras Ne 
| "21" | Ra | Ra | 
a a 


0 8 12 #15 


The second operand is’ placed in the 
first-operand location with the sign made 
minus. 


The sign bit is made one, even if the 
fraction is zero. The characteristic and 
fraction are not changed. 


The Ry and Rs, fields must designate 
register 0, 2, 4, or 6; otherwise, a 
specification exception is recognized. 


Result fraction is zero 


0 
1 Result is less than zero 
2 — om 
3 _ = 
Program Exceptions: 
Operation (if the floating-point 


feature is not installed) 
Specification 


LOAD POSITIVE 


LPER Rq,Roa {[RR, Short Operands ] 


Se 
| '30' | Ra | Ro | 
A py 


0 8 12. 15 


LPDR R4,Ra [RR, Long Operands ] 


SSS 
} "20" | Ra | Ro | 
fs 
0 8 12 15 
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The second operand is’ placed in the 


first-operand location with the sign made 
plus. 

The sign bit is nade zero. The 
characteristic and fraction are not 
changed. 


The Ry and Rs. fields must designate 
register 0, 2, 4, or 6; otherwise, a 
specification exception is recognized. 


Resulting Condition Code: 


Result fraction is zero 


0 
1 
2 Result is greater than zero 
3 


Program Exceptions: 





Operation (if the floating-point 
feature is not installed) 
Specification 


LOAD ROUNDED 


LRER R4,Ra 
[RR, Long Operand 2, Short Operand 1] 


a Se SAA. 
[> *35* | Ra | Ro | 
Dit oe se 


0 8 12 15 


LRDR Rq,Roa 
(RR, Extended Operand 2, Long Operand 1] 


ee 
f "25" | Ra I Ro | 
| 


0 8 12 15 


The second operand is rounded to the next 
shorter format, and the result is placed in 
the first-operand location. 


Rounding consists in adding a one in bit 
position 32 or 72 of the long or extended 
second operand, respectively, and 
propagating any carry to the left. The 
Sign of the fraction is ignored, and 
addition is performed as if the fractions 
were positive. 


If rounding causes aocarry out of the 
leftmost hexadecimal digit position of the 
fraction, the fraction is shifted right one 
digit position so that the carry becomes 
the leftmost digit of the fraction, and the 
characteristic is increased by one. 


same as the 
There is no 


The sign of the result is the 
Sign of the second operand. 


normalization to eliminate leading zeros. 


An exponent-overflow exception exists when 
shifting the fraction right would cause the 
characteristic to exceed 127. The 
operation is completed by loading a number 
whose characteristic is 128 less than the 
correct value, anda program interruption 
for exponent overflow occurs. The result 
is normalized, andthe sign and fraction 
remain correct. 
Exponent-underflow and Significance 
exceptions cannot occur. 


The R, field must designate register 0, 2, 
4, or 6; the Rg field of LRER_ must 
designate register 0, 2, 4, or 6; and the 
Ra field of LRDR must designate register 0 
or 4. Otherwise, a specification exception 
is recognized. 

Condition remains 
unchanged. 


Code: The code 


Program Exceptions: 


Exponent Overflow 


Operation (if the extended-precision 
floating-point feature is not 
installed) 

Specification 

MULTIPLY 


[RR, Short Multiplier and Multiplicand, 
Long Product ] 


Sea ee eee a ee ee ee 
} "3c" | Rs I Ro I 
[a | 
0 8 12 15 


ME Ra,Da (X2,Boa) 
[RX, Short Multiplier and Multiplicand, 
Long Product ] 





—_—— HY oT Ot 
|; 9c | Ra | Xa | Ba | Da [ 
Le, LO LEN MMEN Saree: nee eee 


0 8 12 16 20 31 


MDR Ra 7Ro [ RR, Long Operands ] 


MD Ra, Da(X2,Ba) [RX, Long Operands] 


O_O OO 
| ‘'6ct | Ra | Xa | Ba | Da [ 
Sn hl 


0 8 12 16 20 31 


MXDR Rq,Ra 
[RR, Long Multiplier and Multiplicand, 
Extended Product] 


CE ee ee ee 
( "27" | Ra | Ra | 
LL | 


0 8 12 15 





MXD Rq,Do2(X2,Bo) ae 
[RX, Long Multiplier and Multiplicand, 
Extended Product ] 


Se a Ne eee 
| "67" [ Ra | Xo t Ba | Da | 
ae en ee  L ) 


0 8 12 16 20 31 


MXR R4,Ra (RR, Extended Operands] 


oS se a CP ee 
| "26 | Ra | Ra I 
es oe ne eee 
0 8 12 15 
The normalized product of the second 
operand (the multiplier) and the first 


operand (the multiplicand) is placed in the 
first-operand location. 


Multiplication of two 
numbers consists in exponent 
fraction multiplication. The operands are 
first normalized to eliminate leading 
hexadecinal zeros. The sum of the 
characteristics of the normalized operands, 
less 64, is used as the characteristic of 
the intermediate product. 


floating-point 
addition and 


The fraction of the intermediate product is 
the exact product of the normalized operand 


fractions. When the intermediate-product 
fraction has one leading hexadecimal zero 
digit, the fraction is shifted left one 


digit position, bringing the contents of 
the guard-digit position into the rightmost 
position of the result fraction, and the 
intermediate- product characteristic is 


reduced by one. The fraction is’ then 
truncated to the proper result-fraction 
length. 

For MER and ME, the multiplier and 


multiplicand fractions have six hexadecinal 
digits; the product fraction has the full 
14 digits of the long format, with the two 
rightmost fraction digits always zeros. 
For MDR and MD, the multiplier and 
multiplicand fractions have 14 digits, and 
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the final product fraction is truncated to 
14 digits. For MXDR and MXD, the 
multiplier and multiplicand fractions have 
14 digits, with the multiplicand occupying 
the high-order part of the first operand; 
the final product fraction contains 28 
digits and is an exact product of the 
operand fractions. For MXR, the multiplier 
and multiplicand fractions have 28 digits, 
and the final product fraction is truncated 
to 28 digits. 


An ex ponent-—over flow exception is 
recognized when the characteristic of the 
final product would exceed 127 and the 
fraction is not zero. The operation is 
completed by making the characteristic 128 
less than the correct value. If, for 
extended results, the low-order 
characteristic would also exceed 127, it, 
too, is decreased by 128. The result is 
normalized, and the Sign and fraction 
remain correct. A program interruption for 
exponent overflow occurs. 


Exponent overflow is not recognized when 
the intermediate-product characteristic is 
initially 128 but is brought back within 
range by normalization. 


An exponent-underflow exception exists when 
the characteristic of the final product 
would be less than zero and the fraction is 
not zero. If the exponent-underflow mask 
bit is one, the operation is completed by 
making the characteristic 128 greater than 
the correct value, and a program 
interruption for exponent underflow occurs. 
The result is normalized, andthe sign and 
fraction remain correct. If the 
exponent-underflow mask bit is zero, 
program interruption does not take place; 
instead, the operation is completed by 


making the product a true zero. For 
extended results, exponent underflow is not 
recognized when the low-order 


characteristic would be less than zero but 
the high-order characteristic is equal to 
or greater than zero. 


Exponent underflow does not occur when the 
characteristic of an operand becomes less 


than zero during normalization of the 
operands, as long as’ the final product can 
be represented with the correct 
characteristic. 


When either or both operand fractions are 
zero, the result is made a true zero, and 
no exponent overflow or exponent underflow 
occurs. 


The sign of the product is determined by 
the rules of algebra, except that the Sign 
is always zero when the result is madea 
true zero. 


The R, field for MER, ME, MDR, and MD, and 
the Ra field for MER, MDR, and MXDR must 
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designate register 0, 2, 4, or 6. The Ry 
field for MXDR, MXD, and MXR, and the R, 
field for MXR must designate register 0 or 
4. Otherwise, a Specification exception is 
recognized. 

remains 


Code: The code 





Access (fetch, operand 2 
and MXD only) 
Exponent Overflow 
Exponent Underflow 
Operation (if the 
feature is not installed, or, for 
MXDR, MXD, and MXR, if the 
extended-precision floating-point 
feature is not installed) 
Specification 


of ME, MD, 


floating-point 


Programming Note 


Interchanging the two operands in a 
floating-point multiplication does not 
affect the value of the product. 


STORE 


STE Ra Da (X2,Ba) [ RX, Short Operands] 


| Sa A a Se | 
1 "70" | Ra | Xa | Ba | Deo [ 
ee! ne eee eee para eee ae eee 


0 8 12 16 20 31 


STD Ra 7Da(Xa,Ba) [ RX, Long Operands ] 


SSS eee 
| "60" | Ra | Xo I Ba | Da | 
i ee 


0 8 12 16 20 31 


The first operand is placed unchanged in 
the second-operand location. 


The R, field must designate register 0, 2, 


4, or 6; otherwise, a specification 
exception is recognized. 

Condition Code: The code remains 
unchanged. 


Program Exceptions: 


Access (store, operand 2) 

Operation (if the floating-point 
feature is not installed) 

Specification 


J 


SUBTRACT NORMALIZED 


SER Ra,Ro [RR, Short Operands] 


CS ee ee ee 





| "3B" [ Pa | Pa | 

ee! Maes Senne 

0 8 12 #15 

SE Ra, Do (Xa,Ea) [RX, Short Operands ] 
eT 1 

| "7B" [| Ra | Xa | Bo | Da | 

a a te 

0 8 12 16 20 31 

SDR Ry ,Ra [RR, Long Operands ] 

SS aan saanemaears 

| "2B" | Ra | Pa I 

a eee eee Se aeeeee 

0 8 12 15 

SD Ra ,Doa (X2a,Ba) rRX, Long Operands } 

SS se SS ed 

| "6B" | Ra [| Xo | Boa | Da ( 

a 

0 8 12 16 20 31 


(RR, Extended Operands] 


TO 
| "37" [| Ra | Ra | 
ee! et Caer | 
0 8 12 15 
The second operand is subtracted from the 
first operand, and the normalized 


difference is placed in 


location. 


the first-operand 


The execution of SUBTRACT NORMALIZED is 
identical to that of ADD NORMALIZED, except 
that the second operand participates in the 
operation with its sign bit inverted. 


The Rg field of SER, SE, SDR, and SD, and 
the Ra field of SER and SDR must designate 
register 0, 2, 4, or 6. The R, and Rg 
fields of SXR must designate register 0 or 
4, Otherwise, a specification exception is 
recognized. 


Resulting Condition Code: 


Result fraction is zero 
Result is less than zero 
Result is greater than zero 


WN = © 


a cae = SERS 


Access (fetch, operand 2 of SE and SD 
only) 

Exponent Overflow 

Exponent Underflow 

Operation (if the floating-point 
feature is not installed, or, for 
SXR, if the extended-precision 
floating-point feature is not 
installed) 

Significance 

Specification 


SUBTRACT UNNORMALIZED 


SUR Ra Ra [RR, Short Operands] 


SEAR. cara ane, 
| ‘'3F" | Ra | Ra | 
on, Sears eee 


0 8 12 15 


SU Ra ,-Da(X2a,Ba) [ RX, Short Operands] 


°c eee ooo eo OOo) 
| ‘7F" [| Ra | Xo | Ba I Da | 
i ee ee es a eee: | 


0 8 12 16 20 31 
SWR R4,Ra [ RR, Long Operands] 


Sa Pe Seen 
|} ‘"2F" [| Ra | Ra | 
ey 
0 8 12 15 


SW Ra eDa(Xa,Ba) {[ RX, Long Operands ] 


CE Seen GR SR cae 
[| ‘6F" | Ra | Xa | Bo | Da | 


0 8 12 16 20 31 


from the 
unnormalized 
the first-operand 


The second operand is subtracted 
first operand, and the 
difference is placed in 
location. 

UNNORMALIZED is 


The execution of SUBTRACT 


identical to that of ADD UNNORMALIZED, 
except that the second operand participates 
in the operation with its sign bit 
inverted. 


The Ry and Rg fields must designate 
register 0, 2, 4, or 6; otherwise, a 
specification exception is recognized. 


0 Result fraction is zero 
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1 Result is less than zero only) 


2 Result is greater than zero Exponent Overflow 
3 -~ Operation (if the floating-point 
feature is not installed) 
Program Exceptions: Significance 
Specification 


Access (fetch, operand 2 of SU and SW 
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SET CPU TUMER.., avscewieieceww Grete Kceevel One dia Matee ee ww ates wd ee wad eee sh eeawene LOS36 
SE PR EELS . 6 ce: wibro owed ace Sid a ae eee ene ee wh Sates caw w Sree we eee wees we 20H 390 
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SET STORAGY. REY: ~s6xs6:-6 0-055e'e 6 Siete-S.w ao Sele wes 6S Se bee eee ee een esas 10=41 
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Cc The control instructions include all are described in Chapter 12, "Input/Output 
| privileged and semiprivileged instructions, Operations." 
except the input/output instructions, which 
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Privileged instructions 
only when the cCPU is 
state. An attempt to execute a privileged 
instruction in the problem state generates 
a privileged-operation exception. 


Nay be executed 
in the supervisor 


instructions are those 
can be executed in the 
problem state when certain authority 
requirements are met. An attempt to 
execute a semiprivileged instruction in the 
problem state when the authority 
requirements are not met generates a 
privileged-operation exception or some 
other progran-interruption condition 
depending on the particular requirement 
which is’ violated. Those requirements 
which cause a privileged-operation 
exception to be generated in problem state 


The semiprivileged 
instructions that 
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are not enforced when executed in the 
Supervisor state. 

The control instructions and their 
mnemonics, formats, and operation codes are 
listed in the figure "Control 
Instructions." The figure also indicates 
when the condition code is set and the 
exceptional conditions in operand 


designations, data, or results that cause a 
program interruption. 


Note: In the detailed descriptions of the 
individual instructions, the mnemonic and 
the symbolic operand designation for the 
assembler language are shown with each 
instruction. For LOAD PSW, for example, 


LPSW is the mnemonic and Dag(Bs) the operand 
designation. 


C 


Se sy ee Rigg Pe a eT ee Se gS Fe ee ee See pe Cee ga ee ge ne eae = me ee ee 


| [Mne— | 





| Op [ 

| Name | monic| Characteristics [Code | 
boos: 
[CONNECT CHANNEL SET |CONCS|S C CSIP | | 1 B200 | 
| DIAGNOSE | | DM IP DM | { | 83 | 
|DISCONNECT CHANNEL SET {DISCS{S C CSIP | | [B201 | 
[EXTRACT PRIMARY ASN | EPAR |RRE DUIQ | sO| R |B226 | 
JEXTRACT SECONDARY ASN [ESAR |RRE DUIQ l SO| R |B227 | 
So See Se — 
[INSERT ADDRESS SPACE CCNTROL {IAC |RRE C DUIQ | sO| R | B224 | 
[INSERT PSW KEY JIPK |S PK[Q | | Rk | B20B | 
|INSERT STORAGE KEY {ISK [RR (P Al SPI | R foo | 
JINVALIDATE PAGE TABLE ENTRY | IPTE |RRE EF[P At $ [B221 | 
}--—_—_—_—_ 
JINSERT VIRTUAL STORAGE KEY J IVSK |RRE DUIQ A! | SsO[{ R | B223 | 
{LOAD CONTROL {LCTL [RS 1P A SPI I |B7 | 
JLOAD ADDRESS SPACE PARAMETERS ILASP ISSE C DU{O AS SPI so] [E500 | 
|LOAD PSW ILPSW |S L |P A SPI ¢ | | 82 | 
J]LOAD REAL ADDRESS [LRA |RX C TRIP A! | | R | B1 | 
SS nn 
| MOVE TO PRIMARY IMVCP [SS c oDUIQ At | ¢ SO! ST| DA | 
|MOVE TO SECONDARY IMVCS ISS Cc DUIQ A! | ¢ sOo| ST| DB | 
|MOVE WITH KEY IMVCK ISS C DUIQ A | | ST(D9 | 
| PROGRAM CALL | PC |S DUIQ AT [PC T ¢ SO[B R XT[B218 | 
|PROGRAM TRANSFER | PT [RRE DUIQ AT SP{PA T ¢€ SO[B XT|B228 | 
Se SS Se 
}PURGE TLB |PTLB [S TRIP | $ | 1B20D | 
|READ DIRECT [RDD [SI DC{P At I $ I SD(| 85 | 
JRESET REFERENCE BIT [RRB [|S C TRIP At | | 1B213 | 
ISET ADDRESS SPACE CONTROL ISAC [S DU | SP | ¢ SO| |B219 | 

SS a 
[SET CLOCK ISCK [S Cc IP A SPI | |B204 | 
|SET CLOCK COMPARATOR ISCKC [5S CKIP A SPI | [B206 | 
}SET CPU TIMER [SPT [5S CK|P A_ SP| | [B208 | 
{SET PREFIX [SPX (5S MP{P A_ SPI $ | [B210 | 
ISET PSW KEY FROM ADDRESS |SPKA |S PKIQ I | [B20A | 
}-——— 
[SET SECONDARY ASN [SSAR |RRE DU | AT [SA T ¢ SO| ST[B225 | 
[SET STORAGE KEY [SSK [RR IP At SPI ¢ | | 08 [ 
|SET SYSTEM MASK [SSM |S IP A SPI SO | | 80 | 
{SIGNAL PROCESSOR ISIGP {RS C MPI[P [ $ | R | AE | 
JSTORE CLOCK COMPARATOR |STCKC{S CKIP A_ SPI | ST|B207 | 
|STORE CONTROL | STCTLIRS IP A SPI | ST| B6 | 
{STORE CPU ADDRESS ISTAP |S MP{P A_ SP| | ST(B212 | 
{STORE CPU ID [STIDP{S IP A SPI | ST[B202 | 
= Sa a ao (cr a 
[STORE CPU TIMER |STPT |S CK|P A_ SP| | ST|B209 | 
[STORE PREFIX |STPX [5S MP|P A_ SP | ST{B211 | 
(STORE THEN AND SYSTEM MASK |STNSM{STI TRIP A | | ST| AC | 
[STORE THEN OR SYSTEM MASK |STOSM[STI TR(P A SPI [ ST| AD | 
[TEST BLOCK | TB IRRE C TBIP_ At | $ II( R |B22C | 
Se SS ee en 
| TEST PROTECTION |TPROT|SSE C EF[P At | | [E501 | 
[WRITE DIRECT IWRD [STI DC|P At [ $ | | 84 | 
Le — LL Dd en a | 
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rc 


A 
Al 


AI 
AS 


AT 


B 
C 
CK 
CS 
DC 
DM 


DU 
EF 
L 

MP 


Access exceptions for logical address 

Access exceptions; not all access exceptions may occur; see instruction 
description for details 

Access exceptions for instruction address 

Access exception and ASN-translation—specification exception; see instruction 
description for details 

ASN—translation exceptions (include addressing, ASN-translation specification, 
AFX translation, and ASX translation) 4 
PER branch event 

Condition code is set 

CPpU-timer and clock—ccmparator feature 

Channel—set—switching feature 

Direct—control feature 

Depending on the model, DIAGNOSE may generate various program exceptions 
and may change the condition code. 

Dual—address—space facility 

Extended facility 

New condition code loaded 

Multiprocessing feature 

Privileged—operation exception 

Additional exceptions for PROGRAM TRANSFER (include addressing and primary 
authority) 

Additional exceptions for PROGRAM CALL (include addressing, PC—translation 
specification, LX translation, and EX translation) 

PSW—key—handling feature 

Privileged—operation exception for semiprivileged instructions 

PER general-register alteration event 

RR instruction format 

RRE instruction format 

RS instruction format 

RX instruction format 

S instruction format 

Additional exceptions for SET SECONDARY ASN (include addressing and secondary 
authority) 

PER storage—alteration event, which can be caused by RDD only when IPTE is 
not installed. 

SI instruction format 

Special—operation exception 

Specification exception 

SS instruction format 

SSE instruction format 

PER storage—alteration event 

Trace exceptions (include access and specification) 

Test—block feature 

Translation feature 

Space—switch event and PER storage—alteration event 

Causes serialization and checkpoint synchronization 

Causes serialization 


| 
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CONNECT CHANNEL SET 


CONCS Do (Ba) [Ss] 

ce ee ee ee a Se ete ge er 
r 'B200! | Be | Da [ 
ne eh ee eae ed 
0 16 20 31 


The channel set currently connected to this 
CPU is disconnected, and the addressed 
channel set, if currently disconnected, is 
connected to this CPU. 


The second-operand address, specified by 


the Bs and Dz fields, is not used to 
address data; bits 16-31 form the 16-bit 
channel-set address. Bits 8-15 of the 


second-operand address are ignored. 


When the channel set currently connected to 
this CPU is not the channel set addressed 
by the instruction, the currently connected 
channel set is immediately disconnected 
from this CPU, regardless of whether the 
channel set addressed by the instruction is 
operational or can be connected to this 
CPU. 


If the addressed channel set is currently 
connected to this CPU, no operation is 
performed, and condition code 0 is set. If 
the addressed channel set is operational 
and currently disconnected, it is connected 
to this CPU, and condition code 0 is set. 


When the addressed channel set is connected 
to another CPU, it is not connected to this 
CPU, and condition code 1 is set. 


When the addressed channel set is not 
operational, condition code 3 is set. 


A serialization function is performed. 
That is, CPU operation is delayed until all 
previous accesses by this CPU to nain 
storage have been completed, as observed by 
channels and other CPUs. No subsequent 
instructions or their operands are accessed 
by this CPU until the execution of this 
instruction is completed. If a channel in 
the channel set which is connected by means 
of this instruction has an I/O interruption 
pending, and if the CPU is enabled for I/0 
interruptions, the interruption is 
recognized at the completion of this 
instruction. 


0 Connection operation completed 

1 Connection operation not 
performed; addressed channel set 
connected to another CPU 

2 —_ = 

3 Not operational 


Program: Interruptions: 





Operation (if the channel -set- 
switching feature is not 
installed) 


Privileged Operation 


DIAGNOSE 


The CPU} performs built-in diagnostic 
functions, or other model-—de pendent 
functions. The purpose of the diagnostic 
functions is to verify proper functioning 
of CPU equipment and to locate faulty 
components. Other model-de pendent 
functions may include disabling of failing 
buffers, reconfiguration of storage and 
channels, and modification of control 
storage. 


Bits 8-31 
formats, or 
the particular diagnostic 
use depends on the model. 


may be used as inthe SI or RS 
in some other way, to specify 
function. The 


The execution of the instruction may affect 
the state of the CPU) and the contents of a 
register or storage location, as well as 
the progress of an I/O operation. Some 
diagnostic functions may cause the test 
indicator to be turned on. 


Condition Code: The code is unpredictable. 


rogram Exceptions: 


: 


Privileged Operation 
Depending on the model, 
exceptions may be recognized. 


other 


ky 


ogramming Notes 


ER 





1. Since the instruction is not intended 
for problem-progran or supervisor- 
program use, DIAGNOSE has no mnemonic. 

2. DIAGNOSE, unlike other instructions, 

does not follow the rule that 

programming errors are distinguished 
from equipment errors. Improper use 
of DIAGNOSE may result in false 
machine-check indications or may cause 
actual machine malfunctions to be 
ignored. It may also alter other 
aspects of system operation, including 
instruction execution and channel 
operation, to an extent that the 
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operation does not 
specified in 


comply with that 
this publication. As a 
result of the improper use of 
DIAGNOSE, the system may be left in 
such a condition that the power-on 


reset or initial-microprogram-loading 
(IML) function must be performed. 
Since the function performed by 
DIAGNOSE may differ from model to 


model and between versions of a model, 
the program should avoid issuing 
DIAGNOSE unless the program recognizes 
both the model number and version code 
stored by STORE CPU ID. 


DISCONNECT CHANNEL SET 


DISCS Dea (Ba) [Ss] 
CS ee ee tne Serre ee ee 
| "B201' { Ba | Da | 


0 16 20 31 


channel set is disconnected 
from the CPU to which it is currently 
connected. If the channel set is not 
connected, no operation is performed. 


The addressed 


The second-operand address, specified by 
the Bg and Dg fields, is not used to 
address data; bits 16-31 form the 16-bit 
channel-set address. Bits 8-15 of the 
second-operand address are ignored. 

When the addressed channel set is not 
connected to any CPU, no operation is 
performed, and condition code 0 is set. 


When the addressed channel set is connected 
either to the CPU iSsuing the DISCONNECT 
CHANNEL SET instruction or to a CPU that is 
in the stopped or check-stop state, the 
disconnection operation is performed, and 
condition code 0 is set. 


When the addressed channel set is connected 
to another CPU which is in the operating 
state, which is being reset, or for which a 
SIGP reset is pending, no disconnection 
operation is performed, and condition code 
1 is set. 


When the addressed channel set is connected 
to another CPU which is in the load state 
or which is in the operator-intervening 
State, it depends on the model if condition 
code 0 or 1is set. The action taken in 
this case is consistent with the condition 
code indicated. 

When the addressed channel set is not 
operational, condition code 3 is set. 
function is 


A serialization performed. 
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That is, CPU operation is delayed until all 
previous accesses by this CPU to main 
storage have been completed, as observed by 
channels and other CPUs. No subsequent 
instructions or their operands are accessed 
by this CPU) until the execution of this 
instruction is completed. 


Resulting Condition Code: 


0 Disconnection operation completed 

1 Disconnection operation not 
performed; addressed channel set 
connected to another CPU which is 
not in the proper state 

2 -_ = 

3 Not operational 


Program Interruptions: 


Operation (if the channel-set- 
switching feature is not 
installed) 

Privileged Operation 

EXTRACT PRIMARY ASN 

EPAR R;. [ RRE] 

ea eae ea Ee 

[ "B226! \S/S/////\ Ba 177/77 
ee 

0 16 24 28 31 

The 16-bit PASN, bits 16-31 of control 
register 4, is placed in bit positions 


16-31 of the general register designated by 
the R, field. Bits 0-15 of the general 
register are set to zeros. 


Bits 16-23 and 28-31 of the instruction are 
ignored. 


The instruction must be issued with DAT on} 


otherwise, a Special-operation exception is 
recognized, and the operation is 
suppressed. The special-operation 


exception is recognized in both the problet 
and supervisor states. 


In the 
authority control, 

register 0, must be 
privileged-operation exception is 
recognized, and the operation is 
suppressed. In the supervisor state, the 


state, the extraction<« 
bit 4 of contro 
one; otherwise, a 


problem 


extraction-authority-control bit is not 
examined. 

The priority of recognition of program 
exceptions for the instruction is shown in 
the figure "Priority of Execution: EPAR." 


J 


Code: The code remains 


unchanged. 
Program Exceptions: 


Operation (if DAS is not installed) 

Privileged Operation (extraction- 
authority control is zero in 
problem state) 

Special Operation 


Cg a Reg ay ee Pe pe ee ee on oe ee ee 
1.-6. Exceptions with the same priority 


as the priority of progran— 
interruption conditions for the 
general case. 








{ [ 
| [ 
| [ 
| [ 
| [ 
| 7.A Access exceptions for second | 
| instruction halfword. | 
| [ 
| 7.B.1 Operation exception if DAS is not| 
| installed. | 
| { 
{| 7.B.2 Special—operation exception due | 
| to DAT being off. [ 
| [ 
| 8. Privileged—operation exception [ 
[ due to extraction—authority con— | 
| trol, bit 4 of control register | 
| 0, being zero. | 
ee . st all 
Priority of Execution: EPAR 
EXTRACT SECONDARY ASN 
ESAR Ry [RRE] 

= —— 
| '"B227' \SS/S/S/S S/N Bs ISS//\ 
a i a les See eclua 
0 16 24 28 3831 
The 16-bit SASN, bits 16-31 of control 
register 3, is placed in bit positions 


16-31 of the general register designated by 
the R, field. Bits 0-15 of the general 
register are set to zeros. 


Bits 16-23 and 28-31 of the instruction are 
ignored. 


The instruction must be issued with DAT on; 
otherwise, a special-operation exception is 
recognized, and the operation is 
suppressed. The special-operation 
exception is recognized in both the problen 
and supervisor states. 


In the  problen state, the extraction- 
authority control, bit h of control 
register 0, must be one; otherwise, a 


os aes ee eee ee eee eee ee i ee eee ee 


privileged-operation exception is 
recognized, and the operation is 
suppressed. In the supervisor state, the 
extraction-authority-control bit is not 
examined. 
The priority of recognition of program 
exceptions for the instruction is shown in 
the figure "Priority of Execution: ESAR." 
Condition Code: The code remains 
unchanged. 
Program Exceptions: 
Operation (if DAS is not installed) 
Privileged Operation (extraction- 
authority control is zero in 


problem state) 
Special Operation 


due to extraction—authority con— 
trol, bit 4 of control register 
Q, being zero. 

[ea ee es 


= 
{ 1.—6. Exceptions with the same priority| 
| as the priority of program— 

| interruption conditions for the | 
| general case. { 
[ { 
| 7.A Access exceptions for second | 
| instruction halfword. | 
[ { 
| 7.B.1 Operation exception if DAS is not| 
| installed. | 
| [ 
| 7.B.2 Special—operation exception due | 
| to DAT being off. | 
{ { 
| 8. Privileged—operation exception | 
| | 
[ | 
| [ 


Priority of Execution: ESAR 


INSERT ADDRESS SPACE CONTROL 


TAC Re [ RRE] 

friends 

[ "B224" W/S/S/S////\ Ba IS7/Z7\ 

0 16 24 28 31 

The address-space-control bit, bit 16 of 


the current PSW, is placed in bit position 
23 of the general register designated by 
the Rg field. Bits 16-22 of the register 
are set to zeros, and bits 0-15 and 24-31 
of the register remain unchanged. The 
address-space-control bit is also used to 
set the condition code. 
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Bits 16-23 and 28-31 of the instruction are 
ignored. 


The instruction must be issued with DAT on; 
otherwise, a special-operation exception is 
recognized, and the operation is 
suppressed. The special-operation 
exception is recognized in both the problen 
and supervisor states. 
In the extraction- 
bit 4 of control 
one; otherwise, a 
privileged-operation exception is 
recognized, and the operation is 
suppressed. the supervisor state, the 


problen 
authority control, 
register 0, must 


state, the 


be 


In 





extraction-authority-control bit is not 
examined. 
The priority of recognition of program 
exceptions for the instruction is shown in 
the figure "Priority of Execution: IAC." 
Resulting Condition Code: 

PSW bit 16 is zero 

PSW bit 16 is one 


Wh —_ © 


Program Exceptions: 


Operation (if DAS is not installed) 

Privileged Operation (extraction- 
authority control is zero in 
problem state) 

Special Operation 


Exceptions with the same priority] 
as the priority of progran— 
interruption conditions for the 
general case. 


Access exceptions for second 
instruction halfword. 


[ 
I 
[ 
[ 
I 
[ 
Operation exception if DAS is not|{ 
installed. | 
[ 
Special—operation exception due | 
to DAT being off. | 
| 
[ 
( 
[ 
{ 


8. Privileged—operation exception 
due to extraction—authority con— 
trol, bit 4 of control register 

0, being zero. 

Nt tt ll 


~] 
e 
ow 
‘ 
oa 


Priority of Execution: IAC 
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Programming Notes 


1. Bits 16-19 
designated 
reserved 


of the 
by the 
for expansion 
possible future facilities. The 
program should not depend on these 
bits being set to zero. Similarly, 
Condition codes 2 and 3 may be set as 
a result of future facilities. 


general register 
Rz field are 
for use with 


2.2 The instructions IAC and SAC are 
defined to operate on the third byte 
of a general register so that the 


address-space-control bit can be saved 
in the same general register as’' the 
PSW key, which is placed in the fourth 
byte of general register 2 by the IPK 
instruction. 


INSERT PSW KEY 


IPK [s] 

Se 

[ *B20B° WALA 

0 16 31 

The four-bit PSW-key, bits 8-11 of the 


current PSW, is inserted in bit positions 
24-27 of general register 2, and bits 28-31 


of that register are set to zeros. Bits 
0-23 of general register 2 remain 
unchanged. 


Bits 16-31 of the instruction are ignored. 


In the problen state, when DAS is 
installed, the extraction-authority 
control, bit 4 of control register 0, must 
be one; otherwise, a privileged-operation 


exception is recognized, and the operation 
is suppressed. When DAS is not installed, 
execution of the instruction in the problem 


state results in a privileged-operation 
exception regardless of the extraction- 
authority control. In the supervisor 
state, the extraction-authority-control bit 


is not examined. 


Resulting Condition Code: The code remains 


unchanged. 


Program Exceptions: 





Operation (if the PSW-key-handling 
feature is not installed) 

Privileged Operation (extraction- 
authority control is zero in 
problem state) 


INSERT STORAGE KEY 


ISK Ry,Ra [RR] 


Ce a a 
| "09" [| Ra | Ra | 


a ea er 
0 8 12 15 


The storage key associated with the 2K-byte 
block that is addressed by the contents of 
the general register designated by the Rag 
field is inserted in the general register 
designated by the R, field. 


Bits 8-20 of the register designated by the 
Ra field designate a block of 2K bytes in 
real storage. Bits 0-7 and 21-27 of the 
register are ignored. Bits 28-31 of the 
register must be zeros; otherwise, a 
specification exception is recognized, and 
the operation is suppressed. 


The address designating the storage block, 
being areal address, is not subject to 
dynamic address translation. The reference 
to the storage key is not subject to a 
protection exception. 


The execution of the instruction depends on 


whether the PSW specifies the EC or BC 
mode. In the EC mode, the seven-bit 
storage key is inserted in bit positions 
24-30 of the register designated by the Ry 
field, and bit 31 is set to zero. In the 
BC mode, bits 0-4 of the storage key are 
placed in bit positions 24-28 of that 
register, and bits 29-31 of the register 
are set to zeros. In kroth modes, the 
contents of bit positions 0-23 of the 
register remain unchanged. 
Condition Code: The code remains 
unchanged. 
Program Exceptions: 

Addressing (operand 2) 

Privileged Operation 

Specification 
INSERT VIRTUAL STORAGE KEY 
IVSK Ra Ro [RRE] 
ae paoee 
[ "B223! \/////7///\ Ra | Ra | 
0 16 24 28 31 


The storage key associated with the 2K-byte 
block addressed by the contents of the 
general register designated by the Rg field 


Condition Code: 


is inserted in the general register 


designated by the R, field. 
Bits 16-23 of the instruction are ignored. 


In the 
authority control, 
register 0, must be 
privileged-operation 
recognized, and the 
suppressed. the supervisor 


state, the extraction- 
bit 4 of control 
one; otherwise, a 
exception is 
operation is 
state, the 


problen 


In 


extraction-authority-control bit is not 
examined. 

The block is designated by bits 8-20 of the 
register; bits 0-7 and 21-31 of the 


register are ignored. 


a virtual address and 
address-space-selection 


The block address is 
is subject to the 


bit, bit 16 of the current PSW. [In _ the 
primary-space mode, the address is treated 
as a primary-Virtual address; in the 


secondary mode, the address is treated asa 
secondary-virtual address. The instruction 
must be issued with DAT on; otherwise, a 
special-operation exception is recognized, 
and the operation is suppressed. The 
reference to the storage key is subject to 
the normal access exceptions, except that 
protection does not apply. 


Bits 0-4 of the storage 
access-control bits and the 
fetch-protection bit, are placed in bit 
positions 24-28 of the register designated 


key, which are the 


by the R, field, with bits 29-31 set to 
zeros. The change and reference bits in 
the storage key are not inspected. The 
change bit is not affected by the 
operation. The reference bit, depending on 
the model, may or may not’ be set to one as 


a result of the operation. 


The following diagram depicts the execution 
of the IVSK instruction: 


Key from Block 


[ACC | FI RIC 
L.———-—__$ 
[ 
| Zeros 
v l 
cs «S&F 
Ra | JACC | FI[OOO| 
a a ee ae eee oer ees 
0 24 31 
The priority of recognition of progran 
exceptions for the instruction is shown in 
the figure "Priority of Execution: IVSK." 


Unchanged. 
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| Program Exceptions: 


Ce i ee ee ee ee ee 


Access (except for protection, block 
specified by Ra) 

Operation (if DAS is not installed) 

Privileged Operation (extraction- 
authority control is zero in 
problem state) 


Special Operation 


Se, 

1.-6. Exceptions with the same priority 
as the priority of progran— 
interruption conditions for the 
general case. 


7.A Access exceptions for second 
instruction halfword. 


7.B.1 Operation exception if DAS is not 
installed. 


7.B.2 Special—operation exception due 
to DAT being off. 


8. Privileged—operation exception due 
to extraction—authority control, 
bit 4 of control register 0, 
being zero. 


9. Access exceptions except for 
protection. 


i cr i en ocapeomsaenatekencal 








Priority of Execution: IVSK 


INVALIDATE PAGE TABLE ENTRY 





IPTE Ra,/Pa [RRE] 
(Se er oe eee oe ee oe NS ee 
| 'B221' \////////\ Ba | Ra | 

ene? eee eee eran 
) 16 24 28 31 
The designated page-table entry is 
invalidated, and the associated 


translation-lookaside-buffer (TLB) entries 
in all cPUs of the configured system are 
purged. 


The contents of the register designated by 


the Ry field have the format of a 
segment-table entry with only the 
page-table origin used. The contents of 


the register designated by the Rg field 
have the format of a virtual address with 
only the page index used. The contents of 
fields that are not part of the page-table 
origin or page index are ignored. 


The translation format, contained in bit 


10-10 System/370 Principles of Operation 


positions 8-12 of control register 0, 
specifies the mode for translation. If an 
invalid combination is contained in these 


bit positions, 
exception is recognized, 
is suppressed. 


a translation-specification 
and the operation 


The page-table origin and the page index 
designate a page-table entry, following the 
dynamic-address-translation rules for 
page-table lookup. The address formed from 
these two components is areal address. 
The page-invalid bit of this page-table 
entry is set to one. During this 
procedure, no page-table-length check is 
made, and the page-table entry is not 
inspected for availability or format 
errors. Additionally, the page-frame real 
address contained in the entry is not 
checked for an addressing exception. 


entry is fetched 
main storage. 
containing the 


The entire page-table 
concurrently from 

Subsequently the byte 
page-invalid bit is stored. 


A serialization function 
the CPU which is issuing 
operation is delayed until all previous 
accesses by this CPU to main storage have 
been completed, as observed by channels and 
other CPUs. No subsequent instructions or 
their operands are accessed by this CPU 
until the execution of this instruction is 
conpleted. 


is performed on 
IPTE. CPU 


In addition to setting the page-invalid bit 
to one, this CPU performs a purge of 
selected entries from its TLB and signals 
all cPUs configured to it to perform a 
purge of selected entries from their TLBs. 
Each TLB is purged of at least those 
entries that have been formed using all of 
the following: 


e The translation format specified in 
bit positions 8-12 of control register 
0 of the CPU issuing IPTE 


e The page-table origin specified by the 
IPTE instruction 

° The page index specified by the IPTE 

instruction 


e The page-frame real address contained 
in the designated page-table entry 

The execution of IPTE is not completed on 
the CPU which is issuing it until all 
entries corresponding to the specified 
parameters have been purged from the TLB on 
this CPU and until all other configured 
CPUs have completed any storage accesses, 
including the updating of the change and 
reference bits, using TLB entries 
corresponding to the specified parameters. 

address of the 


When the generated 


J 


wy 


page-table entry refers to a location 
outside the main storage of the configured 
systen, an addressing exception is 
recognized, and the operation is 
suppressed. When the attempt to set the 
page-invalid bit causes a protection 
violation, a protection exception is 
recognized, and the operation is 
Suppressed. When bit positions 8-12 of 


control register 0 contain an invalid code, 


a 


recognized, 


translation-specification 


exception is 


and the operation is 


suppressed. 


Condition 


Code: The code remains 


unchanged. 


Program Exceptions: 


Addressing (page-table entry) 

Operation (if the extended facility is 
not installed) 

Privileged Operation 

Protection (fetch 
table entry, 
protection 
protection) 

Translation Specification (bits 
in CRO only) 


and store, page- 
key-controlled 
and low-address 


8-12 


Programming Notes 


Ls 


The selective purge may be implemented 
in different ways, depending on the 
model, and, in general, more entries 
may be purged than the minimum number 


required. Some models may purge all 
entries with the specified page-frame 
real address. Others may purge all 
entries with the page index, and some 
implementations may purge precisely 
the nininun humber of entries 
required. Therefore, in order fora 
program to run on all models, the 
program should not take advantage of 


any properties obtained by a less 
selective purge on a particular model. 


The purge of TLB entries may make use 
of the page-frame real address in the 
page-table entry. Therefore, if the 
page-table entry, while being 
attached, has had a page-frame real 
address that is different from the 
current value, copies of the previous 
values may remain not purged. 


IPTE cannot be safely used to update a 
shared location in main storage if the 
possibility exists that another CPU 
may also be updating the location. 


LOAD ADDRESS SPACE PARAMETERS 


LASP Da (Ba) - Da (Ba) [ SSE] 


0 16 20 32 36 47 


doubleword at the 
contains values’ to 


The contents of the 
first-operand location 


be loaded into control registers 3 and 4, 
including a secondary ASN anda primary 
ASN. Execution of the instruction consists 
in performing four major steps: PASN 
translation, SASN translation, SASN 
authorization, and control-register 
loading. Each of these steps may or may 


not be performed, depending on the outcome 
of certain tests and on the setting of bits 
29-31 of the second-operand address. These 
steps, when successful, obtain additional 
values, which are loaded into control 
registers 1, 5, and 7. When the steps are 
not successful, no control registers are 
changed, and the reason is indicated in the 
condition code. 


The instruction can be executed only when 
the ASN-translation control, bit 12 of 
control register 14, is one. If the ASN- 
translation-control bit is zero, a special- 
operation exception is recognized, and the 
operation iS suppressed. 


The doubleword first operand contains a 
PSW-key mask (PKM), a secondary ASN (SASN), 
an authorization index (AX), and a primary 
ASN (PASN). The primary ASN is translated 
by means of the address-space tables to 
obtain a PSTD, LTD, and, optionally, an AX. 
The secondary ASN is translated by means of 
the address-space tables to obtain an SSTD, 
and, optionally, an authority check is made 
to ensure that the new AX is authorized to 
the new SASN. 


The doubleword at the first-operand 
location has the following format: 


| PKM—d | SASN—d | AX-d | PASN—d | 
Mim i ee 


0 16 32 48 63 


The 
and 


"dad" stands 
is used to 


for designated doubleword 
distinguish these fields 


from other fields with similar names which 
are referred to in the definition. The 
current contents of the corresponding 
fields in the control registers are 
referred to as PKM-old, SASN-old, etc. The 
updated contents of the control registers 
are referred to as PKM-new, SASN-new, etc. 

The second-operand address is not’ used to 


address data; instead, the low-order three 
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eee eee 


bits are used to control portions of the 
operation. The remainder of the address is 
ignored. Bits 29-31 of the second-operand 


address are used as follows: 


Bit Function Specified When Bit Is One 
29 Force ASN translation 

30 Use AX from first operand 

31 Skip SASN authorization 

PASN Translation 

In the PASN translation process, the PASN-d 


means of the ASN first 
second table. The STD 
and LTD fields and, optionally, the aX 
field, obtained from the ASN-second-table 
entry are subsequently used to update the 
corresponding control registers. 


is translated by 
table and the ASN 


When bit 
is one, PASN 
performed. When 


29 of the second-operand address 
translation is always 

bit 29 is zero, PASN 
translation is performed only when PASN-d 
is not equal to PASN-old. When bit 29 is 
zero and PASN-d is equal to FASN-old, the 
PSTD-old and LTD-old are left unchanged in 
the control registers and become the 
PSTD-new and LTD-new, respectively. In 
this case, if bit 30 is zero, then the 
AX-old is left unchanged in the control 
register and becomes the AX-new. 


The PASN translation follows the normal 
rules for ASN translation, except that the 
invalid bits, bit 0 in the ASN-first-table 
entry and bit 0O inthe ASN-second-table 
entry, when ones, do not result in an ASN- 
translation exception, and the space- 
Switch-event bit in the ASN-second-table 
entry, when one, does not result in a 
Space-Switch event. When either of the 
invalid bits is one, condition code 1 is 
set. When the ASN-Second-table entry is 
valid and the space-Switch-event bit is 
one, condition code 3 is set. In _ both 
cases, the control registers remain 
unchanged. 

and LTD fields 


The contents of the AX, STD, 


in the ASN-second-table entry which is 
accessed as a result of the PASN 
translation are referred to as AX-p, STD-p, 
and LTD-p, respectively. 

SASN Translation 


In the SASN-translation process, the SASN-d 
is translated by means of the ASN first 
table and the ASN second table. The STD 
field obtained from the ASN-second-table 
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entry 1S subsequently used to update the 
secondary-segment-table designation (SSTD) 
in control register 7. The ATO and ATL 
fields obtained are used in the SASN 
authorization, if it occurs. 


SASN translation is performed 
SASN-d is not equal to PASN-d. 
is equal to PASN-d, the 
the same value as PSTD-new. When SASN-d is 
equal to SASN-old, bit 29 (force ASN 
translation) is zero, and bit 31 (skip SASN 
authorization) is one, then SASN 
translation is not performed, and SSTD-old 
becomes SSTD-new. 


only when 
When SASN-d 
SSTD-new is set to 


The SASN 
rules for ASN translation, 
invalid bits, bit 0 


translation follows the normal 
except that the 
in the ASN-first-table 
entry and bit QO inthe ASN-second-table 
entry, when ones, do not result in an ASN- 
translation exception. When either of the 


invalid bits is one, condition code 2 is 
set, and the control registers remain 
unchanged. 

The contents of the STD, ATO, and ATL 
fields in the ASN-second-table entry which 
is accessed as a result of the  SASN 
tranSlation are referred to as STD-s, 
ATO-s, and ATL-s, respectively. 


SASN Authorizatio 





SASN authorization is performed when bit 31 
of the second-operand address is zero and 
SASN-d is not equal to PASN-d. When SASN-d 
is equal to PASN-d or when bit 31 of the 
sec ond-operand address is one, SASN 
authorization is not performed. 

SASN authorization is 
ATO-s, 
AX-new. 
address is 


perf ormed using 
ATL-s, andthe intended value for 

When bit 30 of the second-operand 
zero and PASN translation was 
performed, the intended value for AX-new is 
AX-p. When bit 30 is zero and _  PASN 
translation was not performed, the AX is 
not changed, and AX-new is the same as 
AX-old. When bit 30 of the second-operand 
address is one, the intended value for 
AX-new is AX-d. SASN authorization follows 
the normal rules for secondary 
authorization, except that, if the AX is 
not authorized, condition code 2is_ set, 
and none of the control registers are 
updated. 


Control-Register Loading 


When the PASN-translation, SASN- 
translation, and SASN-auth ori zation 
functions, if called for in the operation, 


are performed without encountering any 
exceptions, the operation is completed by 
replacing the contents of control registers 
1, 3, 4, 5, and 7 with the new values, and 
condition code 0 is set. The control 
registers are loaded as follows: 


The PSW-key-mask and SASN fields in control 
register 3 are replaced by the PKM-d and 
SASN-d fields from the first-operand 
location. 


The PASN, bits 16-31 of control register 4, 


is replaced by the PASN-d field from the 
first-operand location. 
The authorization index, bits 0-15 of 


control register 4, is replaced as follows: 


e When bit 30 of the sSecond-operand 
address is one, from AX-d. 
° When bit 30 of the second-operand 


address is zero and PASN translation 
is performed, from AX-p. 


e When bit 30 of the second-operand 
address is zero and PASN translation 
is not performed, the authorization 
index is not changed. 

When PASN translation is performed, the 
primary-segment-table designation in 


control register 1 
designation in 


and the linkage-table 
control register 5 are 
replaced from the STD-p and LTD-p fields, 
respectively, which are oktained during 
PASN translation. When PASN translation is 
not performed, the primary-segment-table- 
designation and linkage-table-designation 
fields remain unchanged. 


The secondary-segment-table designation in 
control register 7 is replaced as follows: 


Y When SASN-d equals PASN-d, from the 
new contents of control register 1, 
the primary-segment-table designation. 

e When SASN translation is 

from SSTD-s. 


performed, 


e The SASN remains unchanged when all of 
the following are true: SASN-d equals 


SASN-old, SASN-d does not equal 
PASN-d, and bits 29 and 31of the 
second-operand address are zero and 
one, respectively. 





When PASN translation is called for and 
cannot be completed because bit 0 is one in 


either the ASN-first-table or the ASN- 
second-table entries, condition code 1 is 
set, and the control registers are not 
changed. 


When PASN translation is called for and the 
translation is completed but the ASN- 
second-table entry specifies a space-switch 
event, condition code 3 is set, and the 
control registers are not changed. 


When SASN translation is called for and the 
translation cannot be completed because bit 
0 is one in either the ASN-first-table or 
ASN-second-table entries, or because SASN 
authorization is called for and the SASN is 
not authorized, condition code 2 is set, 
and the control registers are not changed. 


The first operand must 
doubleword boundary; 
specification exception is 

the operation is suppressed. 


be designated ona 
otherwise, a 
recognized, and 

The operation 





is suppressed on all addressing and 
protection exceptions. 

Summary 

The figures "Summary of Actions: LASP" and 
"Priority of Execution: LASP* summarize 
the functions of the instruction and the 


priority of recognition of 
condition codes. 


exceptions and 


Resulting Condition Code: 





0 Translation and authorization 
complete; parameters loaded 

1 Primary ASN not available; 
parameters not loaded 

2 Secondary ASN not available or not 

authorized; parameters not loaded 

Primary ASN has space-switch event 

specified; parameters not loaded 


Od 


Program Exceptions: 

Access (fetch, operand 1) 

Addressing (ASN-first-table entry, 
ASN-second~-table entry, authority- 
table entry) 

ASN-Translation Specification 

Operation (if DAS is not installed) 

Privileged Operation 

Special Operation 

Specification 
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Exceptions with the same priority as the priority of program 
interruption conditions for the general case. 


Access exceptions for second and third instruction halfwords. 
Operation exception if DAS is not installed. 
Privileged—operation exception. 


Special—operation exception due to the ASN-translation control, 
bit 12 of control register 14, being zero. 


Specification exception. 

Access exceptions for the first operand. 

Execution of PASN translation (when performed). 
Addressing exception for access to ASN-first—table entry. 


Condition code 1 due to I bit (bit 0) in ASN-—first—table entry 
having the value one. 


ASN—translation-specification exception due to invalid ones (bits 
1-7, 28-31) in ASN-first-—table entry. 


Addressing exception for access to ASN—second—table entry. 


Condition code 1 due to I bit (bit 0) in ASN-—second—table entry 
having the value one. 


ASN—translation—-specification exception due to invalid ones (bits 
1-7, 30, 31, 60-63, 97-103) in ASN-—second—table entry. 


Condition code 3 due to space—switch—event bit (bit 95) in ASN-— 
second—-table entry having the value one. 


Execution of SASN translation (when performed). 
Addressing exception for access to ASN-first—table entry. 


Condition code 2 due to I bit (bit 0) in ASN-—first—table entry 
having the value one. 


ASN—translation-specification exception due to invalid ones (bits 
1-7, 28-31) in ASN-first—table entry. 


Addressing exception for access to ASN-—second—table entry. 


Condition code 2 due to I bit (bit 0) in ASN—second—table entry 
having the value one. 


ASN—translation-—specification exception due to invalid ones (bits 
1-7, 30, 31, 60-63, 97-103) in ASN—Ssecond—table entry. 


Execution of secondary authorization (when performed). 


Condition code 2 due to authority—table entry being outside table. 


Addressing exception for access to authority-—table entry. 


Condition code 2 due to S bit in authority—table entry being zero. 
ee | 


Priority of Execution: LASP 
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aaa a S| 


a aa | 
| Second—Oper an d—| [ | 


| 

|PASN—old| Address Bits* | PASN | Result Field | 
| Equals #+-————————_ Translation -———______,_—_____________—__J 
| PASN—d | 29 [ 30 | Performed | PSTD—new | AX—new | LTD—new | 


}——--— +--+ ++I 


| Yes | 0 | 0 | No | PSTD—-old {| AxX-—old | LTD-old | 
| Yes | 0 | 1 | No | PSTD—old | AxX-—d | LTD-—old | 
| Yes 1 | 0 l Yes | STD—-p | AX—p | LTD—p { 
| Yes | 1 | 1 | Yes | STD-p | Ax—d | LTD—p | 
| No | — | 0 | Yes | STD-—p | AX—p | LTD—p | 
| No | — | 1 | Yes | STD-—p | AX-—d | LTD—p | 


-—-—_ 1 —______1--___--+ —+-1____--______1-—___-___--4A__—__—-+_1—______—__ 


— Action in this case is the same regardless of the setting of 
this bit. 


| 
| 
| 
| 
| 
| * Second—operand—address kits: 
| 29 Force ASN translation 
a 


30 Use AX from first operand 


| 


Summary of Actions: LASP (Part 1 of 2) 


SS ee pre ea ae GT ge ee eT ae ABLE TNE OE Oe a ep ee rE ene ae 
| | | Second—Operand-—| | 





[ [ 
|SASN—d |SASN—d | Address Bits* | SASN | SASN | | 
[Equals |Equals -'~——————y7———————_Translation|Authorizat |Result Field| 
|PASN—d |SASN-—old{| 29 | 31 {| Performed |Performed# | SSTD-new | 
-————_—__—_+-_______++—__-- -++---- -—_-+—_—_- ———__—__—_t+————— 
| Yes | _ | — | — | No | No | PSTD—new | 
| No | No | - | 0 { Yes | Yes | STD—s | 
| No | No | _ | 1 | Yes | No | STD—s | 
| No | Yes | 1 | 0 | Yes | Yes | STD—s | 
| No | Yes | 1 | 1 | Yes | No { STDs | 
| No | Yes | 0 | 0 | Yes | Yes { STD—s | 
| No | Yes | 0 { 1 | No | No | SSTD—old | 
A ee 


— Action in this case is the same regardless of the setting 
of this bit. 


| 

| 

| 

[ 

| # SASN authorization is performed using ATO-s, ATI-—s, and 
| AX—new. 

| 

| * Second—operand—address bits: 

[ 

| 


29 Force ASN translation 


31 Skip secondary authority test 
Me ee ee ee ee ee Se ee 


Summary of Actions: LASP (Part 2 of 2) 


Programming Notes 


1. Bits 29 and 31 in the second-operand 
address are intended primarily to 
provide improved performance for those 
cases where the step may be 
unnecessary. 


When this is not 


When bit 29 is set to zero, the action 
of the instruction is based on the 
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should be set to one. 


The program 
in certain cases 


assumption that the current values for 
PSTD-old, LTD-old, 
consistent with PASN-old 
SSTD-old is consistent 


are 
that 


with SASN-old. 
bit 29 


Bit 31, when one, eliminates the SASN- 
authorization test. 

be able to determine 
that the SASN is authorized, 


may 


either 


10-15 


because of prior use or because the AX 
being loaded is authorized to access 
all address spaces. 


SASN-translation and SASN- 
not performed 
This 


2. The 
authorization steps are 
when SASN-d is equal to PASN-d. 
is consistent with the action in SET 
SECONDARY ASN to current primary 
(SSAR-cp), which does not perform the 
translation or ASN authorization. 


3. The following is a summary of 
abbreviations used in this instruction 
description. 


7 -  — 


| | Abbreviation for | 


| —— SS eS 
|Control—Register| Previous | Subsequent | 
[ Number. Bit | Contents | Contents | 
| 1.0—31 | PSTD—old | PSTD-—new | 
| 3.0-—15 | PKM—old | PKM—new | 
| 3. 16-31 | SASN—old | SASN—new | 
| 4.0-15 | AX-—old | AX—new | 
| 4. 16-31 | PASN—old | PASN—new | 
[ 5.0-31 | LTD—old | LTD—new | 
| 7.0-—31 | SSTD—old | SSTD-—new | 

ll 


| 


Pog eg ee ee ee ee ae 
| First-—Operand | | 
| Bit Positions | Abbreviation | 


[| —--_-__4_--_____-__4 


| 0-15 | PKM—d | 
| 16-31 | SASN-d I 
| 32-47 [ AX—d | 
| 4 8—6 3 | PASN—d | 


| ee ee ee Ee Re ee | 


(a ea ee A ee a Eg a ey mene ee ae 
| [ Abbreviation Used for | 
| | the Field When Accessed | 
[ 


| as Part of { 
{Field in ASN—-——— 


|Second—Table | PASN | SASN | 
| Entry | Translation | Translation | 
-_ $$$ —_______} 
| 1-31 ( — | ATO—s | 
{| 32-47 | AX—p 7 1 
| 48-59 | _ | ATL—s | 
| 64-95 | STD—p | STD—s | 
{| 96—127 [ LTD-—p [ - | 
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LOAD CONTROL 


LCTL Ra,Ra,Da (Ba) [RS] 
TI Oren: 
| ‘'B7" | Ra | Ra I Ba | Da [ 


De a 
0 8 12 16 20 31 


The set of control registers starting with 
the control register designated by the Ry, 
field and ending with the control register 
designated by the Rz field is loaded fron 
the locations designated by the 
second-operand address. 


The storage area from which the contents of 
the control registers are obtained starts 
at the location designated by the 
second-operand address and continues 
through aS many storage words as the number 
of control registers specified. The 
control registers are loaded in ascending 
order of their addresses, starting with the 
control register designated by the R, field 
and continuing up to and including the 
control register designated by the Rs 
field, with control register 0 following 
control register 15. The second operand 
remains unchanged. 


The second operand must be designated on a 
word boundary; otherwise, a specification 
exception is recognized, and the operation 
is suppressed. 

remains 


Condition code 


unchanged. 


Code: The 


Program Exceptions: 


Access (fetch, operand 2) 
Privileged Operation 
Specification 


Programming Notes 


1. To ensure that existing programs run 


if and when new facilities using 
additional control-register positions 
are defined, only zeros’ should be 


loaded in 
positions. 


unassigned control-register 


control registers on some 
models may require a Significant 
amount of time. This is particularly 
true for changes in significant 
parameters. For example, the TLB may 
be purged as a_ result of changing the 
translation parameters in control 
register 0 or as a result of changing 
or enabling the prog ram-event- 
recording parameters in control 


2. Loading of 


registers 9-11. Where possible, the 
program should avoid loading 
unnecessary control registers. In 
loading control registers 9-11, the 
model attempts to optimize for the 


case when the bits of control register 
9 are zeros. 


LOAD PSW 


LPSW Do(Bo) [SS] 

eee 

| "82°"  (SS//////\| Ba | Da | 
(os i i se ell 
0 8 16 20 31 


The current PSW is replaced by the contents 
of the doubleword at the location 
designated by the second-operand address. 


If the new 
information in 


PSW specifies the BC 
bit positions 16-33 
new PSW is not retained as the PSW is 
loaded. When the PSW is subsequently 
stored, these bit positions contain the new 


mode, 
of the 


interruption code and the instruction- 
length code. 

A serialization and checkpoint- 
synchronization function is performed at 
the beginning and also at the completion of 
the operation. The CPU operation is 


delayed until all storage accesses due to 
previous instructions by this CPU have been 
completed, as observed by channels and 
other CPUS. All previous checkpoints, if 
any, are canceled, and the results of all 
previous stores are released, if held 
exclusive, to permit channels and other 
CPUs to access the results with no 
possibility of cache deadlock. 


a second 
checkpoint- 


When the operation is completed, 
serialization and 
synchronization function is performed, as 
follows. The CPU operation is delayed 
until all storage accesses due to this 
instruction have been completed, as 
observed by channels and other cCpUs. All 
previous checkpoints, if any, for this 
instruction are canceled. 


must be 
boundary; 
exception is 

is suppressed. 
on 


The operand 
doubleword 
specification 
the operation 
is suppressed 
exceptions. 


designated on a 
otherwise, a 
recognized, and 

The operation 
addressing and protection 


The value which is to. be 
instruction is not checked for validity 
before it is loaded. However, immediately 
after loading, a specification exception is 
recognized and a progran interruption 


loaded by the 


occurs when the newly loaded PSW specifies 


the EC mode and any of the following are 
trues 
e The EC facility is not installed, or 
° The contents of bit positions 0, 2-4, 
17, and 24-39 are not all zeros, or 
° Bit position 16 is one and DAS is not 
installed. 


In these cases, the operation is completed, 
and the resulting instruction-length code 
is zero. 


Bits 8-15 of the instruction are ignored. 


Condition Code: The code is set as 
specified in the new PSW loaded. 
Program Exceptions: 
Access (fetch, operand 2) 
Privileged Operation 
Specification 
LOAD REAL ADDRESS 
LRA Ra,D2(Xa-Bo) [ RX] 
CC ...,  e  ee  e 
i ‘Bit | Ra | Xo | Ba | Do [ 
ba ed ee Fe 
0 8 12 16 20 31 
The real address corresponding to. the 


second-operand virtual address is placed in 
the general register designated by the Ry 
field. 

The virtual address specified by the Xz, 
Ba, and Dz fields is translated by means of 
the dynamic-address-translation facility, 
regardless of whether DAT is on or off. 


When DAS is not installed, the translation 
is performed by using the current contents 
of control registers 0 and 1. When DAS is 
installed, the translation is performed by 
uSing the current translation format in 
control register 0 and the segment-table 
designation in either control register 1 or 


Te Control register 1is used if the 
current PSW specifies BC mode or specifies 
EC mode with bit 16 set to zero. Control 
register 7 is used if the current PSW 
specifies EC mode with bit 16 set to one. 
In either case, the translation is 
performed ] without the use of the 
translation-lookaside buffer (TLB). 


Sufficient high-order zeros are appended on 
the left of the resultant real address to 
produce a 32-bit result, which is’ then 
placed in the general register designated 
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by the R, field. The translated address is 
not inspected for boundary alignment or for 
addressing or protection exceptions. 


Condition code 0 is set when translation 
can be completed, that is, when the entry 
in each table lies within the specified 


table length and its I bit is zero. 


When the I bit in the segment-table entry 
is one, condition code 1 is set, and the 
real address of the segment-table entry is 
placed in the register designated by the Ry, 
field. When the I bit in the page-table 
entry is one, condition code 2 is set, and 
the real address of the page-table entry is 
placed in the register designated by the Ry 
field. When either the segment-table entry 
or the page-table entry is outside the 
table, condition code 3 is set, and the 
register designated by the Ry field 
contains the real address of the entry that 
would have been referred to if the length 


Violation did not occur. In all these 
cases, high-order zeros are appended on the 
left of the real address, and the 32-bit 


result is placed in the register. 


An addressing exception is recognized when 


the address of the segment-table entry or 
page-table entry designates a location 
outside the available main storage of the 
installed systen. A translation- 


specification exception is recognized when 
bits 8-12 of control register 0 contain an 
invalid code, or the segment-table entry or 


page-table entry has a format error. For 
all these cases, the operation is 
suppressed. 
Resulting Condition Code: 
0 Translation available 
1 Segment-table entry invalid (I bit 
is one) 
2 Page-table entry invalid (I bit is 
one) 
3 Segment- or page-table length 
exceeded 


Program Exceptions: 


Addressing 

Operation (if the translation feature 
is not installed) 

Privileged Operation 

Translation Specification 


Programming Note 


the execution 
ADDRESS (LRA) in a 
multiprocessing system. Since INVALIDATE 
PAGE TABLE ENTRY (IPTE) may turn on the TI 
bit in storage before broadcasting to purge 
the entries from the TLBs of other CPUs, 


Caution must be observed in 


of LOAD REAL 
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on this 
produce 
if LRA 
PTE may 


the simultaneous execution of LRA 

CPU and IPTE on another CPU may 

inconsistent results. That is, 

accesses the tables in storage, the 
appear to be invalid (condition code 2) 
even though the TLB has not yet _. been 
invalidated, and the TLB may remain valid 
until the completion of IPTE on the other 
CPU. There is no guaranteed limit to the 
number of instructions which may occur 
between the completion of LRA and the TLB 
being purged. 


MOVE TO PRIMARY 


MVCP Da (Ra - Ba) -D2 (Ba) -Ra 


PSs] 

See hemes, ermecoaes canon fame 
| "DAT [| Ra [ Ra | Ba | Da | Bo to Da | 
eh fe 


0 8 12 16 20 32 36 47 
MOVE TO SECONDARY 
AVCS Da (Ra Ba) «Do (Ba) -R3 [ss] 
— — 1 
[| 'DB® | Ra [| Rao | Ba | Da | Ba lt Da | 
— y uns ee aeeey ee 
0 8 12 16 20 32 36 47 
The first operand is replaced by the second 
operand. One operand is inthe primary 
Space, and the other is in the secondary 


Space. The accesses to the operand in the 
primary space are performed using the PSW 
key; the accesses to the operand in the 
secondary space are performed using the key 
specified in the third operand. 


The addresses of the operands are virtual, 


one operand address being translated by 
means of the primary segnment-table 
description and the other by means’ of the 
secondary segment-table description. 


Operand-address translation is performed by 
ignoring the state of the address-space- 
selection bit in the current PSW. 

Since the secondary space is accessed, the 
operation is performed only when the 
secondary-Space control, bit 5 of control 
register 0, is one and DAT is on. When 
either the secondary-Space control is zero 


or DAT is off, a special-operation 
exception is recognized, and the operation 
is suppressed. The special-operation 


exception is recognized in both the problen 
and supervisor states. 


In the problem state, the operation is 
performed only if the secondary-space- 
access key is valid. The secondary-space- 
access key is valid only if the 
corresponding PSW-key-mask bit in control 
register 3 is one. Otherwise, a 
privileged-operation exception is 
recognized, and instruction execution is 
suppressed. In supervisor state, any value 
for the secondary-Space-access' key is 
valid. 


For MVCP, movement is to the primary space 
fron the secondary Space. The 
first-operand address is translated using 
the primary segment table, and the 
second-operand address is translated using 
the secondary segment table. 
For MVCS, movement is to the 
space from the primary 
first-operand address 
the secondary segment 

second-operand address is 
the primary segment takle. 


secondary 
space. The 
is translated using 
table, and the 
translated using 


Bit positions 24-27 of the general register 
specified by the Rs field are used as the 
secondary-space-access key. Bit positions 
0-23 and 28-31 of the register are ignored. 


The contents of the general register 
specified by the R, field are a 32-bit 
unsigned value called the true length. 


Graphically, the contents of the general 
registers just described are as follows: 


a aS aa aa RT | 


Ra | True Length { 
nn Sl 
0 31 
gst a 

Rg USSSSASSIAIISSISISSSS111 14 1:dAKeY = NS/S/7 | 
ne 
0 24 28 31 


The first and second operands are the same 
length, called the effective length. The 
effective length is equal to the true 
length, or 256, whichever is less. Access 
exceptions for the first and second 
operands are recognized only for that 
portion of the operand within the effective 
length. When the effective length is zero, 
no access exceptions are recognized for the 
first and second operands, and no movement 
takes place. 


Each storage operand is processed left to 
right. The storage-operand-consistency 
rules are the same as’ for MVC, except that 
when the operands overlap in virtual or in 
real storage, the use of the common 
real-storage location is not necessarily 
recognized. 


the execution of the 
instruction, the value of the true length 
is used to set the condition code. If the 


true length is 256 or less, including zero, 


As part of 


the true length and effective length are 
equal, and condition code 0 is set. If the 
true length is greater than 256, the 


effective length is 256, and condition code 
3 is set. 


For both MVCP and MVCS, a serialization and 
checkpoint-synchronization function is 
performed at the beginning and also at the 
completion of the operation. 


until all 
previous 
have been 
channels and 
checkpoints, if 
of all 
held 
other 


The CPU 
storage 
instructions 
completed, 
other CPUs. 
any, are 


operation is delayed 
accesses due to 
by this CPU 
observed by 
All previous 
canceled, and the results 
previous stores are released, if 
exclusive, to permit channels and 


CPUs to access the results. 


as 


When the operation is completed, a second 
serialization and check point- 
synchronization function is performed, as 
follows. The CPU operation is delayed 
until all storage accesses due to this 
instruction have been completed, as 
observed by channels and other CPUs. All 
previous checkpoints, if any, for this 
instruction are canceled, and the results 
of all stores for this instruction are 
released, if held exclusive, to permit 
channels and other CPUs to access’ the 
results. 


of 
is shown in 


The priority of the recognition 
exceptions and condition codes 


the figure "Priority of Execution: MVCP 
and MVCS." 
Resulting Condition Code: 
0 Effective length equal to true 
length 
1 =o 
2 os, 
3 Effective length less than true 
length 


Program Exceptions: 


Access (fetch, virtual- primary 
address, operand 2, MVCS; fetch, 
virtual-secondary address, operand 
2, MVCP; store, virtual-secondary 
address, operand 1, MVCS; _ store, 
virtual-primary address, operand 


1, MVCP) 

Operation (if DAS is not installed) 
Privileged Operation (selected PSW key 
mask is zero in problem state) 

Special Operation 
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a | 

1.-6. Exceptions with the same priority 
as the priority of progranm— 
interruption conditions for the 
general case. 


Access exceptions for second and 
third instruction halfwords. 


Operation exception if DAS is not 
installed. 


to the secondary—space control, 
bit 5 of control register 0, 
being zero, or the translation 


[ 
[ 
| 
I 
| 
[ 
[ 
l 
[ 
[ 
| 
Special—operation exception due { 
| 
[ 
| 
bit, bit 5 of the PSW, being zero. | 
[ 

8. Privileged—operation exception due| 
to selected PSW key mask being { 
zero in problem state. | 
| 

9. Completion due to length zero. | 
| 

| 


Access exceptions for operands. 
MVCP and MVYCS 


Priority of Execution: 


Programming Notes 





1. The MVCP and MVCS instructions can be 


used ina loop to move a_ variable 
number of bytes of any length. See 
the programming note under MOVE WITH 


KEY. 


2. The instructions MYCP and MVCS should 
be used only when movement is between 
different spaces. The performance of 
these instructions on most models may 
be significantly slower than MVCK, 
MVC, or MVCL. In addition, the 
definition of overlapping operands for 


MVCS and MVCP is not compatible with 
the more precise definitions for MVCK 
and MVC. 


MOVE WITH KEY 


MVCK Da (Ra Ba) , Da (Bo) ,Ra [ss] 

— TT OTT ot 
| *D9® { Ra | Ra | Ba | Da | Ba | Da | 
eres eee eae Seo iee! Ceanae Steck: eae eee) eee 
0 8 12 16 20 32 36 47 


The first operand is replaced by the second 
operand. The fetch accesses to the 
second-operand location are performed using 
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the key specified in the third operand, and 
the store accesses to the first-operand 
location are performed using the PSW key. 


Bit positions 24-27 of the general reqister 
specified by the Rs field are used as the 
source access key. Bit positions 0-23 and 
28-31 of the register are ignored. 


In the problem state, the operation is 
performed only if the sSource-access key is 
valid. The source-access key is valid only 
if the corresponding PSW-key-mask bit in 
control register 3 is one. Otherwise, a 
privileged-operation exception is 
recognized, and instruction execution is 
suppressed. In supervisor state, any value 
for the source access key is valid. 


The contents of the general register 
specified by the R, field are a 32-bit 
unsigned value called the true length. 


Graphically, the contents of the general 
registers just described are as follows: 


a ey ee Oat ge ee ep eee 





Ra =| True Length | 
ee SS ee el 
0 31 
CSS ee ee a eee ee = 71 
Ra VSIASSIIAISSIIIIS SAIS / \Key AS///'\ 
id et ee ee ee ee ee a 
0 24 28 31 


The first and second operands are the same 
length, called the effective length. The 
effective length is equal to the _ true 
length, or 256, whichever is less. Access 
exceptions for the first and second 
operands are recognized only for that 
portion of the operand within the effective 
length. When the effective length is zero, 
no access exceptions are recognized for the 
first and second operands, and no movement 
takes place. 


Each storage operand is processed left to 
right. When the storage operands overlap, 
the result is obtained as if the operands 
were processed one byte at a time and each 
result byte were stored immediately after 
the necessary operand byte was’ fetched. 
The storage-operand-consistency rules are 
the same as for MVC. 
the execution of the 
value of the true length 
condition code. If the 
including zero, 


As part of 

instruction, the 
is used to set the 
true length is 256 or less, 


the true length and effective length are 
equal, and condition code 0 is set. If the 
true length is greater than 256, the 


effective length is 256, and condition code 
3 is set. 


The priority of the recogni tion of 


—_—__e_e eee ee 


exceptions and condition codes is shown in 


the figure "Priority of Execution: MVCK." 
Resulting Condition Code: 
0 Effective length equal to true 
length 
1 -— 
2 -— 
3 Effective length less than true 
length 
Program Exceptions: 
Access (fetch, operand 23 store, 


operand 1) 
Privileged Operation (selected PSW key 
mask is zero in problem state) 
Operation (if DAS is not installed) 





Cn RO ee A oe eee sey ey pe Oe ee eee ee 
1.-6. Exceptions with the same priority 
as the priority of progran— 

interruption conditions for the 
general case. 
7.A Access exceptions for second and 


third instruction halfwords. 


l 
| 
| 
| 
[ 
| 
| 
| 
| 
| installed. 
[ 
| 
| 
| 
| 
| 
| 
| 


7.B Operation exception if DAS is not 
8. Privileqed—operation exception due 
to selected PSW key mask being 
zero in problem state. 
9. Completion due to length zero. 
10. Access exceptions for operands. 
ey a ne a ee ee a ee | 
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1. The MVCK instruction can be used ina 
loop to move a variable number of 
bytes of any length, as follows: 


START MVCK D4a(Ra,Ba),Do(Ba), Ra 
BZ END 
LA Ba , 256 (Ba) 
LA Ba, 256 (Ba) 
S Ra ,='256! 
B START 
END 


2. The performance of MYCK on most models 
may be significantly slower than that 
of MVC and MVCL. Therefore, MVCK 
should not be used if the key of the 
source and the target are the same. 


PROGRAM CALL 


PC Da (Ba) (S] 

- 

| *B218° | Bo | Da | 
a nr 
0 16 20 31 


A two-level lookup is performed to locate 
an entry-table entry (ETE). The ETE 
contains an authorization-key mask; an ASN; 


an entry parameter, which is loaded into 
general register 4; and information to 
update the PSW-key masks in control 


replace the problem bit, 
address in the PSW. The 

of the control register 
and the PSW are saved in general registers 
3 and 14. The ETE also controls whether a 
space-Switching operation is to occur by 
specifying a nonzero ASN. When space 
switching is specified, the new PASN is 
loaded from the ETE and is used in a 
two-level lookup to locate an 
ASN-second-table entry (ASTE). From this 
ASTE, a new PSTD, AX, and LTD are loaded. 
Whether space switching is specified or 
not, the previous PASN and PSTD are placed 
in the SASN and SSTD, respectively, and the 
previous PASN is saved in general register 
35 


register 3 and to 
and instruction 
original contents 


The instruction 
the CPU is in 


can be executed only when 
primary-space mode, and when 


the subsystem-linkage control, bit 0 of 
control register 5, is one. If the CPU is 
in real-space node, or is in 
secondary-space mode, or the 
subs ystem-linkage control is zero, a 


special-operation exception is recognized. 
In addition, PROGRAM CALL with space 
SWitching (PC-ss) can be executed only when 
the ASN control, bit 12 of control register 
14, is one. If PC-ss is attempted with the 
ASN control zero, a special-operation 
exception is recognized. The 
special-operation exception is recognized 
in both the problem and supervisor states 
and the operation is suppressed. 


The second-operand address is not’ used to 
access data; instead, the low-order 20 bits 
of the address is used aS a program-call 
number and has the following format: 
Second—Operand Address: 

Program—Call Number 


. 
ASSIS 1111 \ 
0 12 24 31 


LX [ EX [. 
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Bits 12-23 of the 
are the linkage 
select an entry from 


linkage Index (LX): 
second-operand address 
index and are used to 


the linkage table designated by the 
linkage-table designation in control 
register 5. 

Entry Index (EX): Bits 24-31 of the 
second-operand address are the entry index 
and are used to select an entry from the 


entry table designated by the linkage-table 
entry. 


Bits 0-11 of the second-operand address are 
ignored. 


The linkage-table and 
process is depicted 
"Execution of PROGRAM CALL (Part 1 of 3)." 
The detailed definition for this 
table-lookup process is described in the 
section "PC-Number Translation" in Chapter 
5, "vOrogram Execution." The entry-table 
entry has the following format: 


entry-table lookup 
in the figure 





aaa! 1 5 cee’ 4 Sow 8 te 

| AKM | ASN | O-O | IA | PI 
eS ee ee nena Grane Sees Se cee tem ae oe 
0 16 32 40 6 3 
c———/ See oe ee gol ap Ee ee oe es ee 

I PARM | EKM \SSSSISS111 77 \ 
wy 7 et She tee te 

64 96 112 127 
LTE bits 1-7 and ETE bits 32-39 must _ be 
Zeros; otherwise, a pC-translation 
exception is recognized, and the 
instruction is suppressed. 

After the entry-table entry has been 
fetched, if the current PSW specifies the 


problem state, the current PSW-key mask in 
control register 3 is tested against the 
AKM field in the entry-table entry to 
determine whether the program is authorized 
to access this entry. The AKM and PSW-key 
Mask are ANDed and if the result is zero, a 


privileged-operation exception is 
recognized, and the operation is 
suppressed. When PC is executed in 


supervisor state, the AKM field is ignored. 


If the result of the AND of the AKM and the 
PSW-key mask is not zero, or if the CPU is 
in the supervisor state, the execution of 
the instruction continues. 


The PSW-key mask (bits 0-15 of control 
register 3) is placed in bit positions 0-15 
of general register 3, and the current PASN 
(bits 16-31 of control register 4) is 
placed in bit positions 16-31 of general 
register 3. 


The current PSTD, bits 0-31 of control 
register 1, are placed in control register 
7 to become the current SSTD. 
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The current PASN, bits 16-31 of control 
register 4, are placed in bit positions 
16-31 of control register 3 to become the 


current SASN. 


Bits 40-62 of the current PSW (the updated 
instruction address) are placed into bit 
positions 8-32 of general register 14. Bit 
15 of the PSW (the problem-state bit) is 
placed in bit position 31 of general 
register 14. Bits 0-7 of general register 
14 are set to zeros. 


Bits 40-62 of the ETE, with a rightmost 
zero appended, are placed in PSW bit 
positions 40-63 (the instruction address). 
Bit 63 of the ETE is placed in PSW bit 
position 15 (the problem-state bit). 


Bits 64-95 of the ETE (the entry parameter) 
are loaded into general register 4. 


Bits 96-111 of the ETE (the EKM) are ORed 
with the PSW-key mask, bits 0-15 of control 
register 3, and the result replaces’ the 
PSW-key mask in control register 3. 


PROGRA 


PROGRAM CALL to Current Primary (PC-cp) 


ee oe 


If bits 16-31 of the ETE (the ASN) are 
zeros, a PROGRAM CALL to current primary 
(PC-cp) is specified, and the operation is 
completed. 


in the 
(Part 2 


The PC-cp operation is depicted 
figure "Execution of PROGRAM CALL 
of .3).." 


ae) 


PROGRAM CALL with Space Switching (PC-ss 


If the ASN is nonzero, a PROGRAM CALL with 


space switching (PC-ss) is specified, and 
the ASN is translated by means of a 
two-level table lookup. 

The PC-ss operation is depicted in the 
figures "Execution of PROGRAM CALL (Part 2 
of 3 and Part 3 of 3)." The PC-ss 


operation is completed as follows: 
Bits 16-25 of the ETE are used as a 10-bit 
AFX to index into the ASN first table, and 
bits 26-31 are used aS a _ six-bit ASX to 
index into the ASN second table specified 
by the AFX. The ASN) table-lookup process 
is described in the section "ASN 
Translation" in Chapter 55 "Program 
Execution." The exceptions associated with 
ASN translation are collectively called 
ASN-translation exceptions. These 
exceptions and their priority are described 
in Chapter 6, “Interruptions." 


Bits 16-31 of the entry-table entry are 
placed in bit positions 16-31 of control 
register 4 as the new PASN. 


Bits 
(the 
1 as 


64-95 of the ASN-second-table entry 
STD) are loaded into control register 
the new PSTD. 


Bits 
(the 


32-47 of the ASN-Second-table entry 
AX) are loaded into bit positions 0-15 


of control register 4 as the new authority 
index. 
Bits 96-127 of the ASN-second-table entry 


(the LTD) are loaded into control register 
5 as the new linkage-table designation. 


When the contents of the space-Switch event 
mask, bit 31 of control register 1 was zero 
both before and after the operation, the 
execution of PC-ss is completed. If the 
space-switch-event mask was one either 
before or after the operation, or both, 
then a space-switch-event program 
interruption is recognized, and the 
operation is completed. 


For both °C-cp and PC-ss, a serialization 
and checkpoint-synchronization function is 
performed at the beginning and also at the 
completion of the operation. 


until all 
previous 
have been 
channels and 
checkpoints, if 


The CPU 
storage 
instructions 
completed, 
other CPUs. 


operation is 
accesses due to 
by this CPU 
observed by 
All previous 


delayed 


as 


of all 
held 
other 


canceled, and the results 
previous stores are released, if 
exclusive, to permit channels and 
CPUs to access the results. 


any, are 


When the operation is completed, a second 
serialization and check point- 
synchronization function is performed, as 
follows. The CPU operation is delayed 
until all storage accesses due to this 
instruction have been completed, as 
observed by channels and other CPUs. All 
previous checkpoints, if any, for this 
instruction are canceled. 


The priority of recognition of 
exceptions for the instruction is 
the figure "Priority of Execution: 


program 

shown in 
pc." 

code remains 


Condition The 


unchanged. 


Code: 


Program Exceptions: 


ASN Translation (PC-ss only) 

Addressing 

ASN Translation 

EX Translation 

LX Translation 

Operation (if DAS is not installed) 

PC-Translation Specification 

Privileged Operation (AND of AKM and 
PSW-key masks is zero in problen 
state) 

Space-Switch Event 

Special Operation 

Trace 


(PC-ss only) 
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ee i 


8.B.9 


8.B.10 ASN-translation exceptions. (Only for PC-ss.) 


ee ee ee 
Exceptions with the same priority as the priority of progran- 
interruption conditions for the general case. 

Access exceptions for second instruction halfword. 

Operation exception if DAS is not installed. 
Special—operation exception due to DAT being off, the CPU 
being in secondary—space mode, or the subsystemlinkage— 
control bit in control register 5 being zero. 


Trace exceptions. 


LX—translation exception due to linkage-table entry being 
outside table. 


Addressing exception for access to linkage—table entry. 


LX—translation exception due to I bit (bit 0) in linkage—table 
entry having the value one. 


PC—translation—specification exception due to invalid ones 
(bits 1-7) in linkage-table entry. 


EX—translation exception due to entry—table entry being out— 
side table. 


Addressing exception for access to entry-table entry. 


pc—translation-specification exception due to invalid ones 
(bits 32-39) in entry-table entry. 


Privileged—operation exception due to a zero result from 
ANDing OSW—key mask and AKM in problem state. 


Special—operation exception due to the ASN—translation con— 


[ 
| 
| 
[ 
| 
| 
[ 
| 
[ 
| 
| 
\ 
| 
[ 
| 
| 
\ 
[ 
| 
[ 
{ 
[ 
| 
[ 
l 
[ 
[ 
{ 
\ 
| 
| 
| 
[ 
( 
| 
{ 
trol, bit 12 cf control register 14, being zero. | 
( 
l 
[ 
[ 


Space—switch event. (Only for ®C-ss.) 
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PROGRAM CALL Instruction 
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R: Address is real 
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Fxecution of PROGRAM CALL 
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(Fart 2 of 3): PC-cp and PC-—ss 
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Cor oO Se pe es re a ee ee ee ee ey 
| AKM | ASN | O | TA {P| PARM 1 EKM I//////I 
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PC-ss 
ASN trans— 
lation 
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Entry— 


Table Entry 
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R: Address is real 


Execution of PROGRAM CALL (Part 3 of 3): 


O |ATO |OO| AX {ATL |0O| STD 1 0 | LTD 
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PROGRAM TRANSFER 


PT Ra, Ra [ RRE ] 
| 1B228! \////////\ Ra I Ra | 
0 16 24 28 31 


The contents of the register specified by 
the Rg field is used to update the PSW-key 


mask andthe PASN. The contents of the 
register specified by the Rs field is used 
to update the problem-state bit and 


instruction address in the current PSW. 
Bits 16-23 of the instruction are ignored. 


The format of the two registers specified 
by the Rg and Rg fields is as follows: 








r ey 

Ry | PSW-Key Mask | ASN I 
a ee 
0 16 31 
= 

Ra [00000000] Instruction Address |P| 


[ae ee Re ee ee cel 
0 8 31 


When the contents of bit positions 16-31 of 
the general register specified by the Ry, 


field are equal to the current PASN, the 
operation is called PROGRAM TRANSFER to 
current primary (PT-cp); when the fields 
are not equal the operation is called 
PROGRAM TRANSFER with space switching 
(PT-ss). 


The instruction can be executed only when 
the CPU is in primary-space mode, and the 
subsystem-linkage control, bit 0 of control 


register 5, is. one. If the CPD is in 
real-space mode or is in secondary-space 
mode, or the subsystem-linkage control is 
zero, a special-operation exception is 
recognized, and the operation is 
suppressed. 


The contents of the register specified by 


the Ry field are used to update the 
instruction address, and the problem-state 
bit of the current PSW. Bit 31 of the 


general register specified by the Rz field 
is placed in the problem state bit 
position, PSW bit position 15, unless the 
operation would cause PSW bit 15 to change 
from one to zero (problem state to 
supervisor state). If such a change would 
occur, a privileged-operation exception is 
recognized, and the operation is 
suppressed. Bits 8-30 of the general 
register specified by the Rg field replace 
the instruction address, bits 40-62, of the 
current PSW. Bit 63 of the PSW is set to 
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zero. The PSW is updated 
of the register are all 
specification exception is 
the operation is suppressed. 


only if bits 0-7 
zeros; if not, a 
recognized, and 


In addition to the above requirements, when 
a PT-ss is specified, the ASN-translation 
control, bit 12 of control register 14, 
must be one; otherwise, a special-operation 
exception is recognized, and the operation 
is suppressed. 


Bits 0-15 of the general register specified 
by the R, field are ANDed with the PSW-key 
mask, bits 0-15 of control register 3, and 
the result replaces the contents of the 
PSW-key mask. 


In both PT-ss and PT-cp, the ASN specified 


by bits 16-31 of general reqister Ry 
replaces the SASN in control register 3, 
and the SSTD in control register 7 is 
replaced by the final contents of control 


register 1. 


Primary (PI-cp) 


The PT-cp 
of the 

TRANSFER." 
operation 
portion of 


Part 1 
PROGRAM 


operation is depicted in 
figure "Execution of 
On a PT-cp operation, the 
is completed when the common 
the PT operation, as described 
above, is completed. The authorization 
index, PASN, primary STD, and linkagqe-table 
designation are not changed by PTI-cp. 


PROGRAM 
(PT- Ss) 


with Space Switching 


The PT-ss operation is 
and 2 of the figure "Execution of PROGRAM 
TRANSFER." For aPT-ss, the contents of 
bit positions 16-31 of the general register 
specified by the R, field are used as an 
ASN, which is translated by means of a 
two-level table lookup. 


depicted in Parts 1 


Bits 16-25 of the general register are used 
as a 10-bit AFX to index into the ASN first 
table. Bits 26-31 are used as a six-bit 
ASX to index into the ASN second table. 
The ASN table-lookup process is described 
in the section "ASN Translation" in Chapter 
5, “Program Execution." The exceptions 
associated with ASN translation are 
collectively called "ASN-translation 
exceptions." These exceptions and their 
priority are described in Chapter 6, 
"TInterruptions." 


The authority-table origin from the 
second-table entry is used as the base for 
a third table lookup. The current 


bits 0-15 of control 
register 4, is used as the index to look up 
the entry inthe authority table. The 
authority-table lookup is described in the 
section "ASN Authorization" in Chapter 5, 
"Program Execution." 


authorization index, 


The PT-ss operation is completed by placing 
bits 64-95 of the ASN second-table entry in 
both the PSTD and SSTD, bit positions 0-31 
of control registers 1 and 7, respectively. 
The contents of bit positions 32-47 of the 
ASN second-table entry are placed in the 
authorization index, bit positions 0-15 of 


control register 4. The contents of bit 
positions 96-127 of the ASN second-table 
entry are placed in the LTD, bit positions 


0-31 of control register 5. 
16-31 of the general 


The ASN, bits 
register specified by 
the Rg field, is placed in the SASN and 
PASN, bit positions 16-31 of control 
registers 3 and 4. 


When the contents of the space-switch-event 
mask, bit 31 of control register 1, were 
zero both before and after the execution of 
the instruction, the execution of PT-ss is 
completed. If the space-switchevent mask 
was one either before or after the 
operation, or both, then a_ space-switch- 
event program interruption is recognized, 
and the operation is completed. 


For both PT-cp and Pf-ss, a serialization 
and checkpoint-synchronization function is 
performed at the beginning and also at the 
completion of the operation. 





to 
CPU 
by 


storage accesses due 
instructions by this 
completed, observed channels’ and 
other CPUs. All previous checkpoints, if 
any, are canceled, and the results of all 
previous stores are released, held 
exclusive, to permit channels other 
CPUS to access the results. 


previous 
have been 
as 


it 
and 


a second 
check point- 


When the operation is completed, 
serialization and 
synchronization function is performed, as 
follows. The CPU operation is delayed 
until all storage accesses due to this 
instruction have been completed, as 
observed by channels and other CPUs. All 
previous checkpoints, if any, for this 
instruction are canceled. 


The priority of recognition of program 
exceptions for the instruction is shown in 
the figures "Priority of Execution: PT-cp" 
and “Priority of Execution: PT-ss." 

The remains 


Condition code 


unchanged. 


Code: 


Program Exceptions: 


Addressing 

ASN Translation 

Operation (if DAS is not installed) 

Primary Authority 

Privileged Operation 
supervisor state 

Space-Switch Event 

Special Operation 


(attempt to set 
in problem state) 


Specification 

The CPU operation is delayed until all Trace 

Gyooe ope Peay eS ee Ba aa Ea SR A aaa ea | 
| 1.-6. Exceptions with the same priority as the priority of program | 
| interruption conditions for the general case. [ 
| [ 
| 7.A Access exceptions for second instruction halfword. | 
| | 
| 7.B.1 Operation exception if DAS is not installed. | 
| { 
| 7.B.2 Special—operation exception due to DAT being off, the CPU | 
| being in secondary-—space mode, or the subsystenmlinkage— | 
| control bit in control register 5 being zero. | 
| | 
| 8.A Trace exceptions. | 
| [ 
{| 8.B.1 Privileged—operation exception due to attempt to set super— [ 
| visor state when in problem state. | 
| | 
| 8.B.2 Specification exception due to nonzero value in bits 0-7 of [ 
| Ro. [ 
KK : a | 
Priority of Execution: PT-cp 
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ee 


1.— 


T.A 
7.B 


7.B 


rH 


6. Exceptions with the same priority as the priority of program 
interruption conditions for the general case. 


Access exceptions for second instruction halfword. 


-1 Operation exception if DAS is not installed. 


-2 Special—operation exception due to DAT being off, 


the CPU 


being in secondary-—space mode, or the subsystemJinkage— 
control bit in control register 5 being zero. 


Trace exceptions. 


-1 Pprivileged—operation exception due to attempt to set super— 


visor state when in problem state. 


-2 Specification exception due to nonzero high-order instruction— 


-3 Special—operation exception due to the ASN—translation con— 


trol, bit 12 of control register 14, 


-4 ASN—translation exceptions. 


being zero. 


-5 Primary—authorization-translation exceptions. 


-6 Primary—authority exception due to authority-—table entry 


being outside table. 


-7 Addressing exception for access to authority—table entry. 


-8 Pprimary—authority exception due 
entry being zero. 


9. Space—switch event. 
——— 
Priority of Execution: PT-ss 
Programming Notes 
1. The operation of PT is such that it 
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may be used to restore the CPU to the 
state saved by a previous PROGRAM CALL 
instruction. This restoration is 
accomplished by issuing PT 3,14. 
Though qeneral registers 3 and 14 are 
not restored to their original values, 
the PASN, PSW-key mask, problem bit, 
and instruction address are restored, 
and the authorization index, primary 
STD, and LTD are made consistent with 
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| 
| 
| 
| 
[ 
[ 
l 
l 
| 
l 
| 
I 
| 
| 
| 
| 
address bits with 24-bit addressing mode specified. | 
l 
| 
l 
[ 
| 
| 
| 
| 
| 
| 
{ 
{ 
| 
| 
[ 
[ 
[ 


to P bit in authority-—table 


nee | 


the restored PASN. 


With proper authority, and while 
executing in a common area, PT may be 
used to change the primary address 
space to any desired space. The 
secondary address space is also 
changed to be the Same as the new 
PASN. 


Unlike most RR branch instructions, a 
value of zero in the Ra field for PT 
causes a branch. 








PROGRAM TRANSFER Instruction 
Ca eS eC ee 
| "B228" '////////\ Ba I Ra | 
[a re Sees | 
(aoe ey aN On ee ee re 71 
(Ra) | PKM | ASN | (Ra) 1 0 | IA [P| 
_—__$<p bog —____t_—___,______._ 
I [ | I 
| [ I I 
OO t—_—___— | | 
[ I I [ 
I [ [ | 
| CR3 aa: Smears. I | | 
| before| PKM | SASN | | [ 1 
[ ge reer | [ | 
| | [ [ | 
[ I | I | 
[ v [ | [ 
I ec | | I 
a >| AND| | | | 
Lge co 8 | | 
( [ [ [ | 
| [ [ | | 
v v [ [ I 
CrR4 oe CR3 Say nd I SSS ee 
before| AX | PASN | after | PKM | SASN | | | | 
St Cees oa eel [ [ [ 
| [ I I 0 
t—_—_____> 3 <—__ ees | l | 
| v v v 
/N 2S eee TT aceamcres aaa 
Yes / \ No after| |P| | | IA | | 
a4 =. i en oe ee Seen enn Coe 
| XN 7 I 
v NS v 
Completed See following 
figure 
(PT—cp) (PT—ss) 
CR1 ce 
before | PSTD { 
a 
[ 
| (PT—cp only) 
I 
v 
CR7 ey 
after | SSTD | 
Fenn ee eon eee 


Execution of PROGRAM TRANSFER (Part 1 of 2): PT—cp and PT-ss 
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| 
v | 
—_-—r rc | 
CR14 | IVi AFTO | | AFX | ASX | | 
Pisa a Seen! ; 
| (x 4096) [ | [ 
| | [ | 
— I | | 
| [ | r | 
| —_— OO | (Ra) | PKM | ASN | | 
| I(x 4) [ ——_—__-—___,-—__J I 
| v | | | 
| ro ASN First Table | | | 
>| +| ea | > | 
4 | | | | 
[ | | | | 
| -—r TH | | 
t—__>|T| 0 {| ASTO 10] | | 
R |+—__1+__,-—-—__1+ | | 
| | | | | 
| | | [ | 
| | | 
—_—__—_—_ | | 
| | | 
| | | 
| | | 
| | | 
| oo —_—__ | 
| | (x 16) | 
I | . 4 
| v | 
| rc ASN Second Table [ 
L——>| + | r aaa a a es SSS [ 
LH | [ [ 
| | [ 
| | | 
R ;}r1 0 | ATO 10] AX | ATL en STD i) 0 | LTD | | 
a ee ee r 
| | | l ——_—_—____}-—__—__}—_—_——--+ 
| | | [ | [ | 
$e tH ——___——— | | 
Se | SS SS Se [ | 
l [ | | | 
| {$$$ oo | | 
| CR4 SS | | | l 
| before| AX | PASN | | | | | 
| . + t——___ | | l | 
| (x 14) -———————-—-——————"4 | | | 
| v | v v v { 
| rr Authority Table | CR1 pe CRG -— sr | 
>| + | -—— | after| PSTD | after| AX | PASN | | 
iL { | i | eee ee ee ee a ed { 
l l | | | 
| I | RE | 1 
| | l Y v 
{PIS after| SSTD { after | LTD | 
4H a eae a eS | se 


| \—+_——>Primary—auth exception 
if P rit is zero or table length 


L__J is exceeded 


Execution of PROGRAM TRANSFER (Part 2 of 2): 
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PT—ss 


PURGE TLB 


PT LB [Ss] 


| 'B20D! WSIS SAAT STS 1 \ 


0 16 31 


All information in the translation- 
lookaside buffer (TLB) of this CPU is made 
invalid. No change is made to the contents 
of addressable storage or registers. 


The TLB appears cleared of its 
contents for all following 
The invalidation is not 
other CPU. 


original 
instructions. 
Signaled to any 


A serialization function is performed. CPU 
operation is delayed until all previous 
accesses by this CPU to storage have been 
completed, as observed by channels and 
other CPUs. No subseguent instructions, 
their operands, or dynamic-address- 
translation entries are fetched by this CPU 
until the execution of this instruction is 
complete. 


Bits 16-31 of the instruction are ignored. 


Code: The code remains 


unchanged. 


Program Exceptions: 


Operation (if the translation feature 
is not installed) 
Privileged Operation 


READ DIRECT 


RDD Da (Ba) , Ta [SI] 
ee eg ee eee ee Og St eg ee eS ae 
| "85" | Ta | Ba | Da { 


0 8 16 20 31 


The contents of the I, field are made 
available as signal-out timing signals. A 
direct-in data byte is accepted from an 
external device in the absence of a hold 
Signal and is placed in the location 
designated by the first-operand address. 


When the extended facility is not 
installed, the first-operand address is a 
logical address, and is subject to the 
normal access exceptions and to the PER 


storage-alteration event. 


When the extended facility is installed, 


the first-operand address is a real address 


and not subject to dynamic address 
translation. Addressing and protection 
exceptions apply, and the PER 


storage-alteration event does not apply. 


The contents of the Ig field are _ made 
available on a set of eight signal-out 
lines as 0.5-microsecond to 1.0-microsecond 
timing signals. These signal-out lines are 
also used in WRITE DIRECT. Ona ninth line 
(read out) , a 0.5-microsecond to 
1.0-microsecond timing signal is made 
available coincident with these timing 
signals. The read-out line is distinct 
from the write-out line in WRITE DIRECT. 
No checking bits are made available with 
the eight instruction bits. 


Eight data bits are accepted froma set of 
eight direct-in lines when the hold signal 
on the hold-in line is absent. The hold 
Signal is sampled after the read-out signal 
has been completed and should be absent for 
at least 0.5 microsecond. No checking bits 
are accepted with data signals, but a 
checking-block code is generated as_ the 
data is placed in storage. When the hold 
Signal is not removed, the CPU does not 
complete the instruction. 


A serialization function is pe rf ormed 
before the signals are made available and 
again after the first-operand byte is 
placed in storage. CPU operation is 
delayed until all previous accesses by this 
CPU to main storage have been completed, as 
observed by channels and other CPUS, and 


then the signal-out timing signals are 
presented. No subsequent instructions or 
their operands are accessed by this CPU 


until the first operand byte has been 
placed in main storage, as observed by 
channels and other CPUs. 


execution 
updating of the 


An excessively long instruction 
May result in incomplete 
interval timer. 


Condition Code: The code remains 
unchanged. 
Proqram Exceptions: 
Access (store, operand 1; access 
applies only if the extended 


facility is not installed) 
Addressing (operand 1) 
Operation (if the direct-control 
feature is not installed) 
Privileged Operation 
Protection (store, operand 13; key- 
controlled protection and low- 
address protection) 
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RESET REFERENCE BIT 


RRB Da (Ba) [S] 





ECT 


——_ 
| "B213'! | 


The reference bit in the storage key 
associated with the 2K-byte block that is 
designated by the second-operand address is 
set to zero. 


Bits 8-20 of the second-operand address 
designate a block of 2K bytes in real 
storage. Bits 0-7 and 21-31 of the address 


are ignored. 


The address designating the storage block, 
being areal address, is not subject to 
dynamic address translation. The reference 
to the storage key is not subject to a 
protection exception. 


the 
are 


The 
storage key, including the 
not affected. 


values of the remaining bits of 
change bit, 


The condition code is set to reflect the 
state of the reference and change bits 
before the reference bit is set to zero. 


0 Reference bit bit 
zero 

1 Reference bit zero, change bit one 

2 Reference bit one, change bit zero 

3 


Reference bit one, change bit one 


zero, change 


Program Exceptions: 





Addressing (operand 2) 

Operation (if the translation feature 
is not installed) 

Privileged Operation 


SET ADDRESS SPACE CONTROL 





SAC Da (Ba) (s] 

ee ee TT aaa | 

I 'B219!8 | Bo | Da I 
a ed 

0 16 20 31 

Bits 20-23 of the second-operand address 
are used as a code to set the 
address-space-control bit in the PSW. The 
second-operand address is not used to 
address data; instead, bits 20-23 form the 
code. Bits 0-19 and 24-31 of the 
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second-operand address are ignored. Bits 
20-22 of the second-operand address must be 
zero; otherwise, a specification exception 
is recognized, and the operation is 
suppressed. 


The operation is performed only when the 
secondary-space control, bit 5 of control 
register 0, is one and DAT is on. When 
either the secondary-sSpace control is zero 
or DAT is off, a special-operation 
exception is recognized, and the operation 
is suppressed. The special-operation 
exception is recognized in both the problem 
and supervisor states. 

The following diagram and table summarize 
the operation of SAC: 


Second—-Operand Address 


PE a CTS, 
WASSIIIIIIIIISSTTTTL INC OAR SSSS/1 1S /\ 
——— es aoe oan 
0 20 24 31 


Result in 


Code Name of Mode PSW Bit 16 

0000 Primary 0 

0001 Secondary 1 

All others Invalid Unchanged 

A serialization and checkpoint- 
synchronization function is performed at 


the beginning and also at the completion of 
the operation. 

The CPU operation is delayed until all 
storage accesses due to previous 
instructions by this CPU have been 
completed, as observed by channels and 
other CPUs. All previous checkpoints, if 
any, are canceled, and the results of all 
previous stores are released, if held 
exclusive, to permit channels and other 
CPUS to access the results. 

When the operation is completed, a second 
checkpoint-synchronization function is 
performed, as follows. The CPU operation 
is delayed until all previous checkpoints, 
if any, for this instruction are canceled. 


program 
shown in 
SAC." 


The priority of recognition of 
exceptions for the instruction is 
the figure "Priority of Execution: 


Unchanged. 


Program Exceptions: 





Operation (if DAS is not installed) 
Special Operation 
Specification 


J 


J 


oe ge ee ce gp ee ee eee, age ee ee ey 
Exceptions with the same priority| 
as the priority of progran— 
interruption conditions for the 
general case. 


7.A Access exceptions for second 
instruction halfword. 


| 
| 
[ 
I 
l 
| 
Operation exception if DAS is not| 
installed. I 
| 
Special—operation exception due _ | 
to the secondary-—space control, | 
bit 5 of control register 0, | 
being zero, | 
bit, ] 
Zero. | 


or the translation 
bit 5 of the PSW, being 


i cll 





Priority of Execution: SAC 


Programming Notes 


1. SAC is defined in such a way that the 
mode to be set can be placed directly 


in the displacement field of the 
instruction or can be specified from 
the same bit positions of a_ general 
register as saved by the IAC 
instruction. 

2. Predictable program operation is 
ensured in secondary mode only when 
the instructions are fetched from 
virtual-address locations which 
translate to the same real address by 
means of both the primary and 
secondary segment tables. Thus, a 
program should not enter secondary 
mode if it is not aware of the 
virtual-to-real mapping in both the 


primary and secondary spaces. 


SET CLOCK 


SCK Da (Ba) CS] 





fo ae ee oe os ee 
| 'B204! | Bo I Do | 
ee eh eB 


0 16 20 31 


The current value of the TOD clock is 
replaced by the contents of the doubleword 
designated by the second-operand address, 
and the clock enters the stopped state. 


The doubleword operand replaces the 
contents of the clock, as determined by the 


resolution of the clock. Only those bits 
of the operand are set in the clock that 
correspond to the bit positions which are 


updated by the clock; the contents of the 
remaining rightmost bit positions of the 
operand are ignored and are not preserved 
in the clock. In some models, starting at 
or to the right of bit position 52, 
low-order bits of the second operand are 
ignored, and the corresponding positions of 
the clock which are implemented are set to 
zeros. 


After the clock value is 
enters the stopped state. The clock leaves 
the stopped state to enter the set state 
and resume incrementing under control of 
the TOD-clock sync-check control (bit 2 of 
control register 0). When the bit is zero 
or the TOD-clock-synchronization facility 
is not installed, the clock enters the set 
state at the completion of the instruction. 
When the bit is one, the clock remains in 
the stopped state either until the bit is 
set to zero or until any other running TOD 
clock in the configured system is 
incremented to a value of all zeros in bit 
positions 32-63. 


set, the clock 


When the TOD clock is shared by another 
CPU, the clock remains in the stopped state 
under control of the TOD-clock sync-check 
control bit of the CPU which set the clock. 
If, while the clock is stopped, it is set 
by another CPU, then the clock comes under 
control of the TOD-clock sync-check control 
bit of the CPU which last set the clock. 


The value of the clock is changed and the 
clock is placed in the stopped state only 
if the manual TOD-clock control of any CPU 
in the configuration is set to enable-~set. 
If the TOD~clock control is set to secure, 


the value and the state of the clock are 
not changed. The two results are 
distinguished by condition codes 0 and 1, 
respectively. 

When the clock is not operational, the 
value and state of the clock are not 
changed, regardless of the setting of the 
TOD-clock control, and condition code 3 is 
set. 

The operand must be designated on a 
doubleword boundary; otherwise, a 


specification exception is 
the operation is suppressed. 


recognized, and 


Resulting Condition Code: 
0 Clock value set 
1 Clock value secure 
2 — 
3 Clock in not-operational state 
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Program Exceptions: 


Access (fetch, operand 2) 
Privileged Operation 
Specificatior 


SET CLOCK COMPARATOR 


SCKC Da(Ba) [S] 


Cl, a ey ee a = ee ee 
[ 'B206° | Ba | Da | 
Ge ee ee 


0 16 20 31 


The current value of the clock comparator 
is replaced by the contents of the 
doubleword designated by the second-operand 
address. 


Only those bits of the operand are set in 
the clock comparator that correspond to the 
bit positions to be compared with the TOD 
clock; the contents of the remaining 
rightmost bit positions of the operand are 
ignored and are not’ preserved in the clock 
comparator. 


The operand must be 
doubleword boundary; 
specification exception is recognized, and 
the operation is suppressed. The operation 
is suppressed on addressing and protection 
exceptions. 


designated on a 
otherwise, a 


Condition remains 


unchanged. 


Code: The code 


Program Exceptions: 


Access (fetch, operand 2) 
Operation (if the CPU-timer and clock- 








comparator feature is not 
installed) 
Privileged Operation 
Specification 
SET CPU TIMER 
SPT Da (Ba) [s] 
(0 ee ee ee Ear aoaaiaaas | 
| 'B208' | Bo | Da [ 
bin oe Se ee | 
0 16 20 31 
The current value of the CPU timer is 


replaced by the contents of the doubleword 
designated by the second-operand address. 
set in 


Only those bits of the operand are 
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the CPU timer that correspond to the bit 
positions to be updated; the contents of 
the remaining rightmost bit positions of 
the operand are ignored and are not 
preserved in the CPU timer. 


designated on a 
otherwise, a 


The operand must be 
doubleword boundary; 
specification exception is recognized, and 
the operation is suppressed. The operation 
is suppressed on addressing and protection 


exceptions. 
Condition Code: The code remains 
unchanged. 


Program Exceptions: 


Access (fetch, operand 2) 
Operation (if the CPU-timer and clock- 


comparator feature is not 
installed) 
Privileged Operation 
Specification 
SET PREFIX 
SPX Dz (Ba) [Ss] 
- ie ee 
| *B210! | Ba | Da | 
i SS es ee 
0 16 20 31 


The contents of the prefix register are 
replaced by the contents of bit positions 
8-19 of the word at the location designated 
by the second-operand address. All 
information in the translation-lookaside 
buffer (TLB) of this CPU is made invalid. 


After the second operand is fetched, 
depending on the model, the prefix value 
may or may not be tested to determine 


whether the corresponding block in absolute 
storage is available before it is used to 
replace the contents of the prefix 
register. 


On models which do not test the value, the 
instruction is completed after setting the 
prefix register. If the address’ loaded 
specifies a location Which is not 
available, the machine subsequently hangs 
up when an instruction or interruption 
procedure is performed that requires 
prefixing to be applied to the storage 
address. 


On models which do test the value, some or 


all of the necessary checks are performed 
to ensure that the entire 4K-byte block 
designated by the prefix address is 
available. If the storage area is not 


available, an addressing exception is 


recognized, and the operation is 
suppressed. The check to determine that 
the 4K-byte block is available may involve 
accessing the location. This access is not 
subject to protection; however, the access 


may cause the reference bits to be turned 


on. 
If the operation is completed, the new 
prefix is used for any interruptions 
following the execution of the instruction 
and for the execution of subsequent 
instructions. The contents of bit 
positions 0-7 and 20-31 of the operand are 
ignored. 

The TLB appears cleared of its original 


contents for all following instructions. 


CPU 
all previous 
storage have 
as observed by channels and 

subsequent instructions, 
operands, or dynamic-address-translation 
entries are fetched by this CPU until the 
execution of this instruction is completed. 


A serialization function is performed. 
operation is delayed until 
accesses by this CPU to main 
been completed, 
other CPUs. No 


a word 
specification 


The operand must be designated on 
boundary; otherwise, a 
exception is recognized, and the operation 
is suppressed. The operation is suppressed 
on protection and addressing exceptions. 





Condition Code; The code remains 
unchanged. 
Program Exceptions: 
Access (fetch, operand 2) 
Addressing (new prefix area) 
Operation (if the multiprocessing 
feature is not installed) 
Privileged Operation 
Specification 
SET PSW KEY FROM ADDRESS 
SPKA Da (Bo) [Ss] 
amar maa cana rere aS ail a eee ee 
[ 'B20A! | Bo | Do l 
_—— a ee ee Rene Leena ee a ee 
0 16 20 31 


8-11 of the 
24-27 of 


The four-bit PSW key, bits 
current PSW, is replaced by bits 
the second-operand address. 


The second-operand address is not used to 
address data; instead, bits 24-27 of the 
address form the new PSW key. Bits 8-23 
and 28-31 of the second-operand address are 
ignored. 


In the problem state, when DAS is 
installed, the execution of the instruction 
is subject to control by the PSW-key mask 
in control register 3. When the bit in the 
PSW-key mask corresponding to the PSW-key 


value to be set is one, the instruction is 
executed normally. When the selected bit 
in the PSW-key mask is zero, a 
privileged-operation exception is 
recognized, and the operation is 
suppressed. When DAS is not installed, 


execution of the instruction in the problen 


state results in a privileged-operation 
exception regardless of the contents of 
control register 3. In the supervisor 


state, the PSW key is set with no checking. 


Condition Code: The code remains 
unchanged. 
Program Exceptions: 

Operation (if the PSW-key-handling 


feature is not installed) 
Privileged Operation (selected PSW key 
mask is zero in problem state) 


Programming Notes 





1. The format of the SET PSW KEY FROM 
ADDRESS instruction permits the 
program to set the PSW key either from 
the general register designated by the 


Bz. field or from the Dg field in the 
instruction itself. 
2. When one program requests another 


program to access a location specified 
by the requesting program, the SET PSW 
KEY FROM ADDRESS instruction can be 
used by the called program to verify 
that the requesting program is 
authorized to make this access, 
provided the storage location of the 
called program is not protected 
against fetching. The called program 
can perform the verification by 
replacing the PSW key with the 
requesting-progranm PSW key before 
making the access and _ subsequently 
restoring the called-program PSW key 
to its original value. Caution must 
be observed, however, in handling any 
resulting protection exceptions since 
such exceptions may cause the 
operation to be terminated. See the 
instruction TEST PROTECTION and 
associated programming notes, for an 
alternative approach to the testing of 
addresses passed by a calling proqran. 
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SET SECONDARY ASN 


SSAR Ry [RRE] 

oe ee Sa ee eS ee 
| "B225! \S///////\ Ba IS/S//\ 
a a ees) reer | 


0 16 24 28 31 

The ASN specified in bit positions 16-31 of 
the general register specified by the Ry, 
field replaces the secondary ASN, and the 
segment-table designation corresponding to 
that ASN replaces the SSTD. 


Bits 16-23 and 28-31 of the instruction are 
ignored. The contents of bit positions 
0-15 of the register specified by the Ry 
field are ignored. 


The operation is performed only when the 
ASN-translation control, bit 12 of control 
register 14, is one and DAT is on. When 
either the ASN-translation-control bit is 


zero or DAT is off, a special-operation 
exception is recognized, and the operation 
is suppressed. The special-operation 


exception is recognized in both the problen 
and supervisor states. 


The contents of bit positions 16-31 of the 


register specified by the R, field are 
called the new ASN. First the new ASN is 
compared with the current PASN. If the new 


ASN is equal to the PASN, the operation is 
called SET SECONDARY ASN to current primary 


(SSAR-cp). If the new ASN is not equal to 
the current PASN, the operation is called 
SET SECONDARY ASN with space switching 
(SSAR-Ss). 

SET SECONDARY ASN to Current Primary 
(SSAR-cp) 

The new ASN replaces the SASN, bits 16-31 
of control register 3; the PSTD, bits 0-31 
of control register 1, replaces the SSTD, 
bits 0-31 of control register 7; and the 
operation is completed. 

SET SECONDARY ASN with Space Switching 
(SSAR-Ss) 

The new ASN is translated by means of the 
ASN translation tables, and then the 


current AX, bits 0-15 of control register 
4, is used to test whether the program is 
authorized to access the specified ASN. 


means of a 
0-9 of the 


The new ASN is 
two-level table lookup. 


translated by 
Bits 
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new ASN (bits 16-25 of the register) are 
used as a 10-bit AFX to index into the 
first table. Bits 10-15 of the new ASN 


(bits 26-31 of the register) are used asa 
Six-bit ASX to index into the second table. 
The two-level lookup is described in the 


section "ASN Translation" in Chapter 5, 
"Program Execution." The exceptions 
associated with ASN translation are 
collectively called “ASN-translation 
exceptions." These exceptions and their 
priority are described in Chapter 6, 
"Tnterruptions." 


The AST entry obtained as a result of the 
second lookup contains the segment-table 
designation, and authority-table origin and 
length associated with the ASN. The 
remaining fields the AST entry are 
ignored. 


in 


The authority-table origin from the 
second-table entry is used as a base fora 
third table lookup. The current 
authorization index, bits 0-15 of control 
register 4, is used, after it has’ been 
checked against the authority-table length, 
as the index to locate the entry in the 
authority table. The authority-table 
lookup is described in the section "ASN 
Translation" in Chapter Dy "Program 
Execution." 


The ASN, bits 16-31 of the qeneral register 
specified by the R, field, is placed in the 
SASN, bit positions 16-31 of control 
register 3. The segment-table designation, 
bits 64-95 of the AST entry, is placed in 


the SSTD, bits 0-31 of control register 7. 

For both SSAR-cp and SSAR-SS, a 
serialization and check point- 
synchronization function is performed at 


the beginning and also at the completion of 
the operation. 

The CPU operation is until all 
storage accesses due to previous 
instructions by this CPU have been 
completed, Observed by channels and 
other CPUs. All previous checkpoints, if 
any, are canceled, and the results of all 
previous stores are released, if held 
exclusive, to permit channels and other 
CPUS to access the results. 


delayed 


as 


When the operation is completed, a second 
serialization and checkpoint- 
synchronization function is performed, as 
follows. The CPU operation is delayed 
until all storage accesses due to this 
instruction have been completed, as 
observed by channels and other CPUs. All 
previous checkpoints, if any, for this 
instruction are canceled. 


The priority of recognition 
exceptions for the instruction 
the figures "Priority of 


of program 
is shown in 
Execution: 


SSAR~cp" and "priority 
SSAR-sSs." 


Condition Code: The 
unchanged. 


Program Exceptions: 





Zero. 


B.A Trace exceptions. 


of 


code 


Execution: 


remains 


1.-6. Exceptions with the same priority as the priority of progranr- 
interruption conditions for the general case. 


7.A Access exceptions for second instruction halfword. 
7.B.1 Operation exception if DAS is not installed. 


7.B.2 Special—operation exception due to DAT being off, or the ASN— 
translation control, bit 12 of control register 14, being 


Addressing 
ASN Translation (SSAR-ss only) 


Operation (if DAS is not installed) 


Secondary Authority 
Special Operation 
Trace 


ee a Pe EN A EE a ET | 


Priority of Execution: SSAR—cp 








co 


Zero. 





8.A Trace exceptions. 


Priority of Executions SSAR-Ss 


8.B.1 ASN—translation exceptions. 


7A Access exceptions for second instruction halfword. 
7.B.1 Operation exception if DAS is not installed. 


7.B.2 Special—operation exception due to DAT being off, or the ASN— 
translation control, bit 12 of control register 14, being 


8.B.2 Secondary—authorization—translation exceptions. 


8.B.2 Secondary—authority exception due to authority-—table entry 
being outside table. 


8.B.3 Addressing exception for access to authority—table entry. 


8.B.4 Secondary—authority exception due to S bit in authority— 
table entry being zero. 


a a aa ac AR aa AS | 
1.-6. Exceptions with the same priority as the priority of progranm- 
interruption conditions for the general case. 


ee | 
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SET SECONDARY ASN Instruction 














| &+-—>Secondary—authority exception 
[ [ if S bit is zero or table length exceeded 
== (SSAR-ss only) 


| 

| f-——=—=—-= <r 
| eS | *B225" |S///////\ Ra I////\ ) 
ASN es 
| pets ‘-<--—-T-- | 

| CR14| |V| AFTO | | AFX |ASX| | 

l eneneee! ae! Seen ane aan beac Sess soe as5 eee 

| | (x 4,096) [ l l 

| c----—- ————— | | (x 16) i cee Tl 

1 | SS [ (Ra) I///////1 ASN [| A 

1 | | (x 4) [ tae tay. | 

i | [ c———— ( | 

i | v ASN First Table | | | 

i | 1 (accessed for SSAR-ss only) | L_._._._—_¢ 

| &->(+|  ---—---- 1 l l 

[ LY | | | [ 

| | | | | CR3 ~—----------- — ~—Oid 

| t——> p—y—— yp 4 | before| PKM | SASN | | 

| R iz{ 0 | ASTO |0| | adm =. 

[ ft | | ( 

| | | | [ | [ 

| | | | | l (-“--—-=s 

| ‘=<-==— 2 a | v v [ 

| | | CR3 Sr: fete Te | 

| (eS | after | PKM | SASN | | 

| | ‘=== C= 

| | (SSS 3S 5 = i 

| | | poor rn nn SM 

1 | | SSS ea. tl | 

| | | CRY | AX | PASN | | /™N 

i | | before t—-——,---1-——-+-—-—— | No / \N Yes 

| | | | | | c= ke 

i | | | . = v N / v 

lt oloeomt+s— -—— SSAR-ss \_/ SSAR-cp 

oe | | 

itil v ASN Second Takle 

| | | erm (accessed for SSAR-ss only) 

| 4-9 (+| nn ena ‘ 
| [| %& | | 

| | isi | 

[ | i | | 

| | t—> bet nt nn tn nt nnn 

| | [I] O { ATO | 0 | | ATL [O| STD | | 

| | p—+ —_-4-7—--—-_—_1 4. - -1-- - -- + 41-4 —— y--—-- + -—----—--——-— 

\ | | | | | CRI | 
| | | | (x 4) cs | beforel PSTD [ 
( | L—-—— 4-2 nn a 132 ee ee a ;ement 
| ( | (SSAR-—Ss only) | (SSAR-cp only) | 

| --+---—-----------4 | (5 

1 til v v 

| | b--——-y(x 1/4) rn 

1 | CR7 | SSTD 

| | v Authority Takle after t—-~--—--—------—-4 

| | r—. (accessed for SSAR-ss only) 

| &—-—>|[+| em 

| iY | | 

I | { [ 

| [ bt+H 

| L—>|(PI(S| 

! R t—++4 

| 

| 


| R: Address is real 


| Execution of SET SECONDARY ASN Instruction 
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SET STORAGE KEY 


en Se ae | 
| "a8 | Ra | Ro | 
(a 


0 8 12. #15 


The storage key associated with the 2K-byte 
block that is addressed by the contents of 


the general register designated by the Ros 
field is replaced by the contents of the 
general register designated by the Ry 
field. 


Bits 8-20 of the register designated by the 
Ro field designate a block of 2K bytes in 
real storage. Bits O-7 and 21-27 of the 
register are ignored. Bits 28-31 of the 
register must be zeros; otherwise, a 
specification exception is recognized, and 
the operation is suppressed. 


The address designating the storage block, 
being areal address, is not subject to 
dynamic address translation. The reference 
to the storage key is not subject to a 
protection exception. 


The new seven-bit storage-key value is 
obtained from bit positions 24-30 of the 
register designated by the R, field. The 
contents of bit positions 0-23 and 31 of 
the register are igqnored. When dynamic 
address translation is not installed, bits 
29 and 30 are ignored. 


A serialization and checkpoint- 
synchronization function is performed at 
the beginning and also at the completion of 
the operation. 


The CPU operation is delayed until all 
storage accesses due to previous 
instructions by this CPU have been 


completed, as observed by channels and 
other CPUs. All previous checkpoints, if 
any, are canceled, and the results of all 
previous storeS are released, if held 
exclusive, to permit channels and other 
CPUs to access the results. 


a second 
checkpoint- 
performed at 
operation, as 
operation is delayed 


When the operation is completed, 
serialization and 
synchronization function is 
the completion of the 
follows. The CPU 


until all storage accesses due to this 
instruction have been completed, as 
observed by channels and other CPUs. All 


previous checkpoints, if any, for this 
instruction are canceled. 

Condition remains 
unchanged. 


Code: The code 


Program Exceptions: 





Addressing (operand 2) 
Privileged Operation 
Specification 


SET SYSTEM MASK 


SSM Do (Ba) [Ss] 


Suile: ieaaaeees aaR 

| "80" ISS/S/////\ Ba | Da | 
St ae ee eee 

0 8 16 20 31 


Bits 0-7 of the current PSW are replaced by 
the byte at the location designated by the 
second-operand address. 


When the SSM-suppression facility is 
installed, the execution of the instruction 
is subject to the SSM-suppression bit, bit 
1 of control register 0. When the bit is 
zero, the instruction is executed normally. 
When the bit is one and the CPU is in the 
supervisor state, a special-operation 
exception is recognized, and the operation 
is suppressed. 

The operation is suppressed on protection 
and addressing exceptions. 

The value to be loaded into the PSW is not 
checked for validity before loading. 
However, immediately after loading, a 
specification exception is recognized, and 
a program interruption occurs, if the CPU 
is in EC mode and the contents of bit 
positions 0 and 2-4 of the PSW are not all 
zeros. In this case, the instruction is 
completed, and the instruction-length code 
is set to 2. The specification exception 
in this case is considered to be caused as 
part of the execution of the instruction. 


Bits 8-15 of the instruction are ignored. 





Condition Code: The code remains 
unchanged. 
Program Exceptions: 
Access (fetch, operand 2) 
Privileged Operation 
Special Operation 
Specification 
Programming Note 
The SSM instruction is frequently used in 
the BC mode to disable or enable the CPU 
for I/O or external interruptions. Hence, 
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suppressing the execution of the SSM 
instruction by means of the SSM-suppression 
bit, bit 1o0f control register 0, may be 
useful when converting a program written 
for a BC-mode PSW to operate with an 
EC-mode PSW. 


SIGNAL PROCESSOR 


SIGP R4,Ra,Doa (Ba) [RS] 


Ca ee ee ee ee ce Re ef ee eee eee 
| ‘AE | Ra | Ra I Bo | Da I 
1 i 
0 8 12 16 20 31 


An eight-bit order code is transmitted to 
the CPU designated by the CPU address 
contained in the third operand. The result 
is indicated by the condition code and may 
be detailed by status assembled in the 
first-operand location. 


address is not used to 
address data; instead, bits 24-31 of the 
address contain the eight-bit order code. 
Bits 8-23 of the second-operand address are 
ignored. The order code specifies the 
function to be performed by the addressed 
CPU. The asSignment and definition of 
order codes appear in the section "CPU 
Signaling and Response" in Chapter 4, 
"Control." 


The second-operand 


The 16-bit binary number contained in bit 
positions 16-31 of the general register 
designated by the Ra field forms the CPU 
address. The high-order 16 bits of the 


register are ignored. 


A serialization function is performed at 
the beginning and also at the completion of 
the operation. 


The CPU operation is delayed until all 
storage accesses due to previous 
instructions by this CPU have been 
completed, as observed by channels and 
other CPUs, and then the signaling occurs. 
No subsequent instructions or their 
operands are accessed by this CPU until the 
execution of the instruction is completed. 


When the order code is accepted and no 
nonzero status is returned, condition code 
0 is set. When status information is 
generated by this CPU or returned by the 
addressed CPU, the status is placed in the 
general register designated by the Rq 
field, and condition code 1 is Set. 

When the access path to the addressed CPU 
is busy, or the addressed CPU is 
operational but in a state where it cannot 
respond to the order code, condition code 2 
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is set. 


When the addressed CPU is not operational 
(that is, it is not provided, or it is not 
configured to this CPU, or it is in certain 
customer-engineer test modes, or itS power 
is off), condition code 3 is set. 


A more detailed discussion of the 
condition-code settings for SIGNAL 
PROCESSOR iS contained in the section "CPU 
Signaling and Response" in Chapter 4, 
"Control." 


the SIGNAL 
illustrated 


The format 
PROCESSOR 
below. 


of the operands of 
instruction are 


General register designated by R,: 


a aa aaa a a i a aaa a | 
I Status | 
antennae ssi tnenennaenennenniiamneh a inpmemmmnahantsantteiensntenssnil 


0 31 
General register designated by Ra: 


Pe ee eS ee ee eee a Pe 
WISI ///1/////\ CPU Address | 
Macnee tent html 


Pleads SAC PE ETSI | 
0 16 31 


Second—operand address: 
SS SS ee ee 


I { Order | 
VALLLITLTTTLLLLTATLL ITLL T | Code | 
ese eee ane a Ne CAE CO ON ere ees Leen ee 


24 31 


oO 


0 Order code accepted 
1 Status stored 

2 Busy 

3 Not operational 


Operation (if the multiprocessing 
feature is not installed) 
Privileged Operation 


Programming Notes 





1. To ensure written 


programs 


that presently 
will be executed properly 
when new facilities using additional 
bits are installed, only zeros should 
appear in the unused bit positions of 
the second-operand address and in bit 
positions 0-15 of the register 
designated by the Rs field. 


J 


2. Certain orders are provided with the 
expectation that they will be used 
primarily in special circumstances. 
Such orders may be implemented with 
the aid of an auxiliary maintenance or 
service processor, and, thus, the 
execution time may take several 
seconds. Unless all of the functions 
provided by the order are required, 
combinations of other orders, in 
conjunction with appropriate 
programming support, can be expected 
to provide a specific function more 
rapidly. The SIGP orders emergency 
Signal, external call, and sense are 
the only orders which are intended for 
frequent use. The following orders 
are intended for infreguent use, and 
the performance therefore may be much 
Slower than for the frequently used 
orders: IML, restart, start, stop, and 
all the reset orders. 


STORE CLOCK COMPARATOR 


STCKC Dz (Boa) (S] 

ee a Ee TR pie ig re een ey ae 
I 'B2078 | Bo | Da I 
nn a a ee 
0 16 20 31 


The current value of the clock comparator 
is stored at the doubleword location 
designated by the second-operand address. 


zeros are provided for the rightmost bit 
positions of the clock comparator that are 
not compared with the TOD clock. 


The operand must be 
doubleword boundary; 
specification exception is 
the operation is suppressed. 
is suppressed on 
exceptions. 


designated on a 
otherwise, a 
recognized, and 

The operation 
addressing and protection 


Condition remains 


unchanged. 


Code: The code 


Program Exceptions: 


Access (store, operand 2) 
Operation (if the CPU-timer and clock- 


comparator feature is not 
installed) 

Privileged Operation 

Specification 


STORE CONTROL 


STCTL R,,Ra, Da (Ba) [RS] 
Sn a Pe 
{| ‘Bet | Ra | Ra | Ba | Da { 


a ee ed 
0 8 12 16 20 31 


The set of control registers starting with 
the control register designated by the R, 
field and ending with the control register 
designated by the R, field is stored at the 
locations designated by the second-operand 
address. 


the contents of the 
starts at the 
sec ond-operand 


The storage area where 
control registers are placed 
location designated by the 


address and continues through as many 
Storage words as the number of control 
registers specified. The contents of the 


control registers are stored in ascending 
order of their addresses, starting with the 
control register designated by the R, field 
and continuing up to and including the 
control register designated by the Rs, 
field, with control register 0 following 
control register 15. The contents of the 
control registers remain unchanged. 

The information stored for unassigned 
control-register positions, or positions 
associated with a facility which is not 
installed, is unpredictable. 


The second operand must be designated on a 
word boundary; otherwise, a specification 
exception is recognized, and the operation 
is suppressed. 


Condition renains 


unchanged. 


Code: The code 


Program Exceptions: 


Access (store, operand 2) 
Privileged Operation 
Specification 


Although STORE CONTROL may provide zeros in 
the bit positions corresponding to the 
unassigned register positions, the program 
Should not depend on such zeros. 


Chapter 10. Control Instructions 10-43 


STORE CPU ADDRESS 


STAP Do (Ba) [s] 





7 
[ "B212' | Bo | Do [ 
a ee ee ee 


0 16 20 31 
The CPU address by which this CPU is 
identified in a multiprocessing system is 
stored at the halfword location designated 
by the second-operand address. 


The operand must be 
halfword boundary; 
specification exception is 
the operation is suppressed. 
is suppressed on 
exceptions. 


designated on a 
otherwise, a 
recognized, and 
The operation 
addressing and protection 





Condition Code: The code remains 
unchanged. 
Program Exceptions: 
Access (store, operand 2) 
Operation (if the multiprocessing 
feature is not installed) 
Privileged Operation 
Specification 
STORE CPU ID 
STI DP Do (Ba) (Sj 
ce ae a a ee ed 
| *B202' i Bo | Do | 


a cent nnd RR CREME) No eee ea er 
0 16 20 31 


Information identifying the CPU is stored 
at the doubleword location designated by 
the second-operand address. 


The format of the information is as 
follows: 

a rae ee renee 
(Version | CPU Identification | 
{| Code f{ Number | 
Oa en ee eS 
0 8 31 
SSS SS 
| Model | Maximum MCEL | 
| Number { Length | 
Ce ee 
32 48 63 


Bit positions 0-7 contain the version code. 
The format and significance of the version 
code depend on the model. 
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CPU 
six 
these 


8-31 contain the 
humber, consisting of 
digits. Some or all of 
are selected from the physical 
humber stamped on the CPU. The 
of the CPU-identification-number 

conjunction with the model 
permit unique identification of the 


Bit positions 
identification 
four-bit 
digits 
serial 
contents 
field, in 
number, 
CPU. 


32-47 contain 
consisting of four 
Zero digits, if necessary, 
the digits of the System/370 
For example, a Model 145 or 
would store "0145" or "3033," 


the model 


digits: 


Bit positions 
number, 
high-order 
followed by 
model number. 
3033 system 
respectively. 


Bit positions 48-63 contain a 16-bit binary 
value indicating the length in bytes of the 
longest machine-check extended logout 
(MCEL) that can be stored by the CPU. 


The operand must be designated on a 
doubleword boundary; otherwise, a 
specification exception is recognized, and 


the operation is suppressed. 
is suppressed on 
exceptions. 


The operation 
addressing and protection 


code remains 


2) 


Code: The 


| 


ondition 
unchanged. 


Program Exceptions: 





Access (store, operand 2) 
Privileged Operation 
Specification 


Programming Notes 


1. The program should allow for the 
possibility that the CPU 
identification number may contain the 


digits A-F as well as the digits 0-9. 


2. The principal uses of the information 
stored by the instruction STORE CPU ID 
are the following: 


ae The CPU identification 
combined with the model number, 
provides a unique CPU 
identification that can be used in 
associating results with an 
individual system, particularly in 
regard to functional differences, 
performance differences, and error 
handling. 


number, 


b. The model number, in conjunction 
with the version code, can be used 
by model-independent programs in 
determining which model-dependent 
recovery programs should be 
called. 


c. The MCEL length can be used by 
model-independent programs to 
allocate main storage for the MCEL 
area. 


STORE CPU TIMER 


STPT Dos (Ba) (s] 


a aS Ce Sa aaa a | 
| "B209! | Bo | Da | 
a ee 
0 16 20 31 
The current value of the CPU timer is 


stored at the doubleword location 
designated by the second-operand address. 


Zeros are 
positions that 


provided for the rightmost bit 
are not updated by the CPU 


timer. 
The operand must be designated on a 
doubleword boundary; otherwise, a 


specification exception is recognized, and 
the operation is suppressed. The operation 
is suppressed on addressing and protection 
exceptions. 

code remains 


Condition Code: The 


unchanged. 
Program Exceptions: 


Access (store, operand 2) 

Operation (if the CPU-timer and clock- 
comparator feature is not 
installed) 

Privileged Operation 

Specification 


STORE PREFIX 


STPX Da(Bo) ([S] 


Se eg ee oe ep eee eee 
| "B211! | Bo | Do | 
0 16 20 31 


The contents of the 
stored at the word location designated by 
the second-operand address. Zeros are 
provided for bit positions 0-7 and 20-31. 


prefix register are 


The operand must be designated on a word 
boundary; otherwise, a specification 
exception is recognized, and the operation 
is suppressed. The operation is suppressed 


on addressing and protection exceptions. 





Condition Code: The code renains 
unchanged. 
Program Exceptions: 
Access (store, operand 2) 
Operation (if the multiprocessing 
feature is not installed) 
Privileged Operation 
Specification 
STORE THEN AND SYSTEM MASK 
STNSM Dq(B1),Iq [SI] 
Qo en Ne gy oe ae oe en 
| ‘fact | Ia { Ba | Da | 


eee ae Ee areroken) ements \mere enemas ete renee era | 
0 8 16 20 31 


Bits 0-7 of the current PSW are stored at 
the first-operand location. Then the 
contents of bit positions 0-7 of the 
current PSW are replaced by the logical AND 
of their original contents and the second 
operand. 

The operation is suppressed on addressing 
and protection exceptions. 


Condition Code: The code remains 
unchanged. 
Program Exceptions: 


Access (store, operand 1) 

Operation (if the translation feature 
is not installed) 

Privileged Operation 


rogramming Note 


The STORE THEN AND SYSTEM MASK instruction 
permits the program to set selected bits in 


the system mask to zeros while retaining 
the original contents for later 
restoration. For example, it may be 
necessary that a program, which has no 
record of the present status, disable 
program-event recording for a few 
instructions. 
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STORE THEN OR SYSTEM MASK 


STOSM Da(Ba),Ia2 [SI] 





ee ee, 
| ‘"AD* | Ia | Ba | Da | 
L___._._._____L i. bee 


0 8 16 20 31 
Bits 0-7 of the current PSW are stored at 
the first-operand location. Then the 
contents of bit positions 0-7 of the 
current PSW are replaced by the logical OR 
of their original contents and the second 
operand. 


into the PSW is not 
before loading. 
after loading, a 


The value to be loaded 
checked for validity 
However, immediately 
specification exception is recognized, and 
a program interruption occurs, if the CPU 
is in the EC mode and the contents of bit 
positions 0 and 2-4 of the PSW are not all 
zeros. In this case, the instruction is 
completed, and the instruction-length code 
is set to 2. The specification exception 
in this case is considered to be caused as 
part of the execution of the instruction. 
The operation is suppressed on addressing 
and protection exceptions. 

code remains 


Condition The 


unchanged. 


Code: 


Program Exceptions: 


Access (store, operand 1) 

Operation (if the translation feature 
is not installed) 

Privileged Operation 

Specification 


The STORE THEN OR SYSTEM MASK instruction 
permits the program to set selected bits in 
the system mask to ones while retaining the 
original contents for later restoration. 
For example, the program may enable the CPU 
for T/O interruptions without having 
available the current status of the 
external-mask bit. 
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TEST BLOCK 


TB Ra ,Ra [RRE] 

SSS eee 7 
| 'B22C% \////////\ Bs 1 Re | 
CL) 
0 16 24 28 31 


The storage keys and storage locations of 
the 4K-byte block addressed by the contents 


of the general register designated by the 
Re field are tested for usability based on 
the susceptibility to the occurrence of 


invalid checking-block code. The result of 
the test is indicated in the condition 
code. A complete testing operation is 
necessarily performed only when the initial 
contents of general register 0 are zero. 
The contents of general register 0 are set 


to zero at the completion of the operation. 


The contents of the general register 
designated by the R, field are ignored. 
Bits 16-23 of the instruction are ignored. 


If the block is found to be usable, the 
4,096 bytes of the block are cleared _ to 
zeros, the contents of the storage keys are 
unpredictable, and the condition code is 
set to zero. If the block is found to be 
unusable, the data and the storage keys are 
set, as far as is possible by the model, to 
a value such that subsequent fetches to the 


area do not cause a machine-check 
condition, and the condition code is set to 
one. 

The contents of the general register 
designated by the R, field are treated as a 
31-bit real address of a 4K-byte block in 
storage. Bits 1-19 of the register 


designate the block of 4K bytes, and bits 0 
and 20-31 of the register are ignored. 

The address of the block is a real address, 
and the accesses to the block designated by 
the second-operand address are not subject 
to key-controlled protection. Addressing 


and low-address protection do apply. The 
operation is terminated on addressing and 
protection exceptions; that is, the 


contents of general 
The contents 


condition code and the 
register 0 are unpredictable. 


of storage are not changed when these 
exceptions occur. 

Depending on the _ nodel, the test for 
usability may be perf ormed (1) by 
alternately storing and reading out test 
patterns to the data and storage key in the 
block or (2) by reference to an internal 
record of the usability of the blocks in 


the system, oor (3) Dy using a combination 


of both mechanisms. 


In models in which an internal record is 


used, the block is indicated as unusable if 
a solid failure has been previously 
detected, or if intermittent failures in 
the block have exceeded the threshold 
implemented by the model. In such nodels, 
depending on the error, attempts to store 
may or may not occur. Thus, if block 0 is 
not usable, and no store occurs, 
low-address protection may not be 
indicated. 


In models in which test patterns are used, 


the TEST BLOCK instruction may be 
interruptible. When an interruption occurs 
after a unit of operation, other than the 
last one, the condition code is 
unpredictable, and the contents of general 
register 0 may contain a record of the 
state of intermediate steps. When 
execution is resumed after an interruption, 
the condition code is ignored, but the 


contents of general register 0 may be used 
to determine the resumption point. 


If (1) TEST BLOCK is issued with an initial 
value other than zero in general register 
0, or (2) the interrupted instruction is 
resumed after an interruption with a value 
in general register 0 other than the value 


which was present at the time of the 
interruption, or (3) the block is accessed 
by another CPU or channel during the 
execution of the instruction, then the 
results in the storage block and keys and 
the resultant condition-code setting and 
the contents of general register 0 are 
unpredictable. 

Invalid checking-block-code errors 


initially found in the block or encountered 
during the test do not normally result in 
machine-check conditions. The test-block 
function is implemented in such a way that 
the frequency of machine-check 
interruptions due to the instruction is not 
Significant. However, if, during the 
execution of TEST BLOCK for an unusable 
block, that block is accessed by another 
CPU or channel, machine-check conditions 
may result on either processor or both 
processors. 


A serialization function is per formed 
before the block is accessed and again 
after the operation is completed. CPU 
operation is delayed until all previous 
accesses by this CPU to storage have been 
completed, as observed by channels and 
other CPUS, and then the accesses, if any, 
to the block occur. No subsequent 
instructions or their operands are accessed 
by this CPU until the execution of this 
instruction is completed, as observed by 
channels and other CPUs. 


A 


and the contents 
block have been 


0 Block is usable, 
of storage in the 


set to zeros 


Block is not usable 


Addressing 
Operation (if 
installed) 
Privileged Operation 
Protection (operand 
protection only) 


the instruction is not 


2,  low-address 


Programming Notes 


1. 
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The execution of TEST BLOCK on most 
models is significantly slower than 
that of MOVE LONG with padding; 
therefore, the instruction should not 
be used for the normal case of 
clearing storage. 

The program should use TEST BLOCK at 


initial program loading and as part of 
the vary-storage-on-line procedure to 
determine if blocks of storage exist 
Which should not be used. 


When an error is detected in either 
the data or keys of a block that has 
been in use and the recovery program 
chooses to mark the block unusable, 
the TEST BLOCK instruction should be 
issued to the block. This instruction 
attempts, as far as is possible on the 
model, to leave the contents of a 
block in such a_ state that subsequent 


errant fetches or prefetches to the 
block will not cause machine-check 
interruptions. The program should 


ignore the resulting condition code in 
this case since, depending on _ the 
model, on the type of error, and on 
the threshold implemented by the 
model, the condition code may indicate 
a usable block, even though the 
program has decided otherwise. 


The model may or may not be successful 
in removing the errors from a_ block 
when the TEST BLOCK instruction is 
issued. The program therefore should 
take every reasonable precaution to 
avoid referencing an unusable block. 
For example, the program should not 
place the page-frame real address of 
an unusable block in an attached 
page-table entry. 


machine 
block even 
referenced 


On some models, 
reported for a 
block is not 
progran. When a machine check is 
reported for a key error in a block 
which has been marked as’ unusable by 


checks may be 
though the 
by the 
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the program, it is possible that SET 
STORAGE KEY may be more effective than 
TEST BLOCK in validating the key. 


TEST PROTECTION 


TPROT Da (Ba) , Da (Ba) 


[SSE] 
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The location specified by the first-operand 
address is tested for protection exceptions 


using the access key specified in bits 
24-27 of the second-operand address. 

The second-operand address is not used to 
address data; instead, bits 24-27 of the 
address form the access key to be used in 
testing. Bits 8-23 and 28-31 of the 
second-operand address are ignored. 

The first-operand address is a logical 


address and thus is subject to translation 
when DAT is on. When DAT is on and the 
first-operand address cannot be translated 
because of a situation that would normally 
cause a page-translation or segment- 
translation exception, the instruction is 
completed by setting condition code 3. 


When translation of the 
address can be completed, or when DAT is 
off, the storage key associated with the 
first-operand address is tested against the 
access key specified in bits 24-27 of the 
second-operand address, andthe condition 
code is set to indicate whether store and 
fetch accesses are permitted, taking into 
consideration all applicable protection 
mechanisms. Thus, for example, if bit 3 of 
control register 0 is one, indicating that 
low-address protection is enabled, and if 
the first-operand address is less than 512, 
then a store access is not permitted. 


first-operand 


including the 
Depending on 


The contents of storage, 
change bit, are not affected. 
the model, the reference bit associated 
with the first-operand address may be set 
to one, even for the case in which the 
location is protected against fetching. 


an addressing exception is 
address of the 


When DAT is on, 
recognized when the 
segment-table entry, the page-table entry, 
or the operand real address after 
translation designates a location outside 
the available storage of the system. Also, 
when DAT is on, a translation-specification 
exception is recognized when the 
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segment-table entry or page-table entry has 


a format error. When DAT is off, only the 
addressing exception due to the operand 
real address applies. For all of these 


cases, the operation is suppressed. 


Resulting Condition Code: 


0 Both fetching and storing are 
permitted 

1 Fetching is permitted, but storing 
is not 

2 Neither fetching nor storing are 
permitted 

3 Translation not available 


Program Exceptions: 


Addressing (operand 1) 

Operation (if the extended facility is 
not installed) 

Privileged Operation 

Translation Specification 


Programming Notes 


1. The instruction TPROT 
program to check the validity of an 
address passed from a calling program 
without incurring program exceptions. 
The instruction sets a condition code 
to indicate whether fetching Or 
storing is permitted at the location 
specified by the first-operand address 
of the instruction. The instruction 
takes into consideration all of the 
protection mechanisms installed in the 
machine: key-controlled and 
low-address protection. Additionally, 
since segment translation and _ page 
translation may be a substitute for a 
protection violation, these exceptions 
are used to set the condition code 
rather than cause an interruption. 


permits a 


2. See the programming notes under SET 
PSW KEY FROM ADDRESS for more details 
and for an alternative approach to 
testing validity of addresses passed 
by aocalling program. The approach 


using TEST PROTECTION has the 
advantage ofa test which does not 
result in exceptions; however, the 


test and use are separated in time and 
may not be accurate if the possibility 
exists that the control program can 
change the storage key of the location 
in question. 
3. In the handling of dynamic address 
translation, TEST PROTECTION is 
Similar to LOAD REAL ADDRESS in that 
the instructions do not cause 
page-translation and segment— 
translation exceptions. Instead, 
these situations are indicated by 


means of a condition-code 
Situations which result in 
codes 1, 2, and 3 for LRA 
condition code 3 for TPROT. However, 
the instructions differ in several 
respects. MTPROT has a logical address 
and thus is not subject to translation 


setting. 
condition 
result in 


when DAT is off. LRA has a virtual 
address which is always translated. 
TPROT may use the TLB for translation 
of the address, whereas LRA does not 


use the TLB. 


When DAT is off for LRA, the 
translation specification for an 
invalid value of bits 8-12 of control 
register 0 occurs after instruction 
fetching as part of the execution 
portion of the instruction. This 
situation cannot occur for TPROT since 
the operand address is a logical 
address and does not examine control 
register 0 when DAT is off. When DAT 
is on, the exception would be 
regognized during instruction fetch. 
Since the instruction-fetch portion of 
an instruction is common for all 


instructions, access exceptions 
associated with instruction fetching 
are not described in the individual 


instruction definition. 


WRITE DIRECT 


The byte at the location designated by the 
first-operand address is made available as 
a set of direct-out static signals. Eight 
instruction bits are made available as 
signal-out timing signals. 


When the extended 
installed, the 
logical 


facility is not 
first-operand address isa 
address and subject to normal 
access exceptions. When the extended 
facility is installed, the first-operand 
address is a real address and therefore not 
subject to translation; only addressing and 
protection exceptions apply. 


The eight data bits of the byte fetched 
from the real storage location specified by 
the first-operand address are presented on 
a set of eight direct-out lines as static 
Signals. These signals remain until the 
next WRITE DIRECT is executed. No checking 
bits are presented with the eight data 
bits. 


The contents of the Ig field are made 
available simultaneously on a_ set of eight 
Signal-out lines as 0.5-microsecond to 
1.0-microsecond timing signals. Ona ninth 
line (write out), a 0.5-microsecond to 


1.0-microsecond timing Signal is made 
available concurrently with these timing 
Signals. The eight signal-out lines are 


also used in READ DIRECT. No checking bits 
are nade available with the eight 
instruction bits. 


A serialization function is pe rf ormed 
before the operand is fetched and again 
after the signals have been presented. CPU 
operation is delayed until all previous 
accesses by this CPU to main storage have 
been completed, as observed by channels and 
other CPUs, and then the first operand byte 
is fetched and the signals made available. 
No subsequent instructions or their 
operands are fetched by this CPU until the 
Signals have been made available. 


Condition Code: The code remains 
unchanged. 
Program Exceptions: 
Access (fetch, operand 1; access 
applies only if the extended 


facility is not installed) 
Addressing (operand 1) 
Operation (if the direct-control 
feature is not installed) 
Privileged Operation 
Protection (fetch, operand 1) 
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The machine-check-handling mechanism 
provides extensive equipment-malfunction 
detection to ensure the integrity of system 
operation and to permit automatic recovery 


from some malfunctions. Equipment 
nalfunctions and certain external 
disturbances are reported by means of a 


machine-check interruption to assist in 
program-damage assessment and recovery. 
The interruption supplies the program with 
information about the extent of the damage 
and the location and nature of the cause. 
Equipment malfunctions, errors, and other 
Situations which can cause machine-check 
interruptions are referred to as-_ machine 
checks. 


CHECK DETECTION 


-_ 
ee asi 8 Se ee ae i mee 


Machine-check-detection mechanisms may take 
many forms, especially in control functions 
for arithmetic and logical processing, 
addressing, sequencing, and execution. For 
program-addressable information, detection 
is normally accomplished by encoding 
redundancy into the information in such a 
Manner that most failures in the retention 
or transmission of the information result 
in an invalid code. The encoding normally 


takes the form of one or more redundant 
bits, called check bits, appended to a 
group of data bits. Such a group of data 


bits and the associated check bits are 
called a checking block. The size of the 
checking block depends on the nodel. 


The inclusion of a single check bit in the 
checking block allows the detection of any 
single-bit failure within the checking 
block. In this arrangement, the check bit 
is sometimes referred to as a "parity bit." 
In other arrangements, a qroup of check 
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bits is included to permit detection of 
multiple errors, to permit error 
correction, or both. 


For checking purposes, the entire contents 
of a checking block, including the 
redundancy, is called a checking-block code 
(CBC). When a CBC completely meets’ the 
checking requirements (that is, no failure 
is detected), it is said to be valid. When 
both detection and correction are provided 
and a CBC is not valid but satisfies the 
checking requirements for correction (the 
failure is correctable), it is said to be 
near-valid. When a CBC does not satisfy 
the checking requirements (the failure is 
uncorrectable), it is said to be invalid. 


ORRECTION OF MACHINE MALFUNCTIONS 
Three mechanisms may be used to. provide 
recovery from Machine-detected nmalfunc- 


tions: error checking and correction, CPU 


retry, and unit deletion. 


Machine failures which are corrected 
successfully may or may not be reported as 
machine-check interruptions. If reported, 
they are system-recovery conditions, which 
permit the program to note the cause of CPU 
delay and to keep a log of such incidents. 


ERROR CHECKING AND CORRECTION 


redundancy is included in 
circuitry or ina checking block, failures 
can be corrected. For example, circuitry 
can be triplicated, with a voting circuit 
to determine the correct value by selecting 


When sufficient 


two matching results out of three, thus 
correcting a single failure. An 
arrangement for correction of failures of 
one order and for detection of failures of 
a higher order is called error checking and 
correction (ECC). Commonly, ECC allows 
correction of Single-bit failures and 
detection of double-bit failures. 


the model and the 
in which Ecc is 
correction may be reported asa 
recovery machine-~check condition 
report may be given. 


portion of 
applied, 
systen- 

or no 


Depending on 
the machine 


and in the 
along witha 
indicate where 


Uncorrected errors in storage 
storage key may be reported, 
failing-storage address, to 

the error occurred. Depending on the 
Situation, these errors may be reported 
along with system recovery, with external 
secondary report, or with the damage or 
backup condition resulting from the error. 


CPU RETRY 

In some models, information about’ some 
portion of the state of the machine is 
saved periodically. The point in the 
processing at which this information is 
saved is called a checkpoint. The 
information saved is referred to as the 
checkpoint information. The action of 
saving the information is referred to as 
establishing a checkpoint. The action of 


discarding previously saved information is 


called invalidation of the checkpoint 
information. The length of the interval 
between establishing checkpoints is 
model-dependent. Checkpoints may be 
established at the beginning of each 
instruction or several times within a 


Single instruction, or checkpoints 
established less frequently. 


may be 


Subsequently, this saved information may be 
used to restore the machine to the state 
that existed at the time when the 
checkpoint was established. After 
restoring the appropriate portion of the 
machine state, processing continues’ fron 
the checkpoint. The process of restoring 
to a checkpoint and then continuing is 
called CPU retry. 

CPU machine-check 


retry may be used for 


recovery, to effect nullification and 
Suppression of instruction execution when 
certain program interruptions occur, and in 


other model-dependent situations. 


Effects of CPU Retry 





CPU retry is, in general, performed so that 


there is no effect on the program. 
However, change bits which have been 
changed fron zeros to ones are not 
necessarily set back to zeros. AS a 


result, change bits may appear to be set to 
ones for blocks which would have’ been 
accessed if restoring to the checkpoint had 
not occurred. If the path taken by the 
program is dependent on information that 
may be changed by another CPU or by a 
channel or if an interruption occurs, then 
the final path taken by the program may be 
different from the earlier path; therefore, 
change bits may be ones because of stores 
along a path apparently never taken. 


Checkpoint synchronization consists in the 
following steps. The CPU operation is 
delayed until all conceptually previous 
storage accesses are completed, both for 
purposes of machine-check detection and as 


observed by channels and other CPUs. The 
checkpoint information for all previous 
checkpoints, if any, is invalidated. 
Optionally, a new checkpoint is 
established. The CPU operation is delayed 
until all of these actions appear to be 
completed, as observed by channels and 
other CPUs. 

Handling = of Machine Checks During 


Checkpoint Synchronization 


of all 
the 
the 
stores 
restore 


checkpoint, 


When, in the process 
previous stores as 
checkpoint-synchronization action, 
machine is unable to complete all 
successfully but can successfully 

the machine to a previous 
processing backup is reported. 


completing 
part of 


When, in the process of 
stores as part of 

synchronization action, the machine is 
unable to complete all stores successfully 
and cannot successfully restore the machine 
to a previous checkpoint, the type of 
machine-check condition reported depends on 
the origin of the store. Failure to 
successfully complete stores associated 
with instruction execution may be reported 


completing all 
the check point- 


as instruction-processing damage, or some 
less critical machine-check condition may 
be reported with the 
storage-logical-validity bit set to zero. 


A failure 
associated 


to successfully 
with the 


complete stores 
execution of an 
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other 
call, is 


interruption, 
supervisor 
damage. 


than progran or 
reported as system 


When the machine check occurs 
checkpoint-synchronization 
the execution of an 
execution of the instruction is nullified. 
When it occurs before the execution of an 
interruption, the interruption condition, 
if the interruption is external, I/O, or 
restart, is held pending. If the 
checkpoint-synchronization operation was a 
machine-check interruption, then along with 
the originating condition, either the 
storage-logical-validity bit is set to zero 
or instruction-processing damage is also 
reported. Program interruptions, if any, 
are lost. 


as part of a 
action before 
instruction, the 


Checkpoint-Synchronization Operations 


All interruptions and the execution of 
certain instructions cause a_ checkpoint- 
synchronization action to be performed. 
The operations which cause a checkpoint- 
synchronization action are called 
checkpoint-synchronization operations and 
include: 
1. All interruptions: external, I/0, 
machine check, program, restart, and 


supervisor call. 


2. BRANCH ON CONDITION (BCR) 
and Ry fields containing 
all zeros, respectively. 


with the Me 
all ones and 


3. The instructions LOAD PSW, SET STORAGE 
KEY, and SUPERVISOR CALL. 


4. All I/O instructions. 


5. The instructions MCVE TO PRIMARY, MOVE 
TO SECONDARY, PROGRAM CALL, PROGRAM 
TRANSFER, SET ADDRESS SPACE CONTROL, 
and SET SECONDARY ASN. 


6. The DAS-tracing function. 


Programming Note 


The instructions which are defined to cause 
the checkpoint-synchronization action 
invalidate checkpoint information but do 
not necessarily establish a new checkpoint. 
Additionally, the machine may establish a 
checkpoint between any two instructions or 


units of operation. Thus, the point of 
interruption for the machine check is not 
necessarily at an instruction defined to 


cause a checkpoint-synchronization action. 
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Checkpoint-Synchronization Action 


For all interruptions 
interruptions, a checkpoint-synchronization 
action is performed at the completion of 
the interruption. For I/O interruptions, a 
checkpoint-synchronization action may or 
may not be performed at the completion of 
the interruption. For all interruptions 
except progran, supervisor-call, and 
exigent machine-check interruptions, a 
checkpoint-synchronization action is also 
performed before the interruption. The 
fetch access to the new PSW may be 
performed either before or after the first 
checkpoint-synchronization action. The 
store accesses andthe changing of the 
current PSW associated with the 
interruption are performed after the first 
checkpoint-synchronization action and 
before the second. 


except I/0O 


For all checkpoint-synchronization instruc- 
tions except BCR, I/O instructions, and 
SUPERVISOR CALL, checkpoint-synchronization 
actions are performed before and after the 
execution of the instruction. For BCR, 
only one checkpoint-synchronization action 
is necessarily performed, and it may be 
performed either before or after the 
instruction address is updated. For the 
SUPERVISOR CALL instruction, a checkpoint- 
synchronization action is performed before 
the instruction is executed, including the 
updating of the instruction address in the 
PSW. The checkpoint-synchronization action 
taken after the supervisor-call 
interruption is considered to be part of 
the interruption action and not part of the 
instruction execution. For I/o 
instructions, a checkpoint-synchroni zation 
action is always performed before the 
instruction is executed and may or may not 
be performed after the instruction is 
executed. 


The DAS-tracing function causes checkpoint- 


synchronization actions to be performed 
before the trace action and after 
completion of the trace action. 

UNIT DELETION 

In some models, nalfunctions in certain 
transparent units of the system can be 
circumvented by discontinuing the use of 
the unit. Examples of cases where 
transparent-unit deletion may be used 


include the disabling of all or a portion 


of a cache or ofa_ translation-lookaside 
buffer (TLB). Unit deletion may be 
reported as a degradation machine-check 
condition. 


J 


HANDLING OF MACHINE CHECK 


A machine check is caused by a_ machine 
malfunction and not by data or 
instructions. This is ensured during the 
power-on sequence by initializing the 
machine controls to a valid state and by 
placing valid CBC in the CPU registers, in 
the storage keys, and, if it is volatile, 
also in main storage. 


Specification of an unavailable component, 
such aS a_ storage unit, channel, or I/0 
device, does not cause a machine-check 
indication. Instead, such a condition is 
indicated by the appropriate program or I/0 
interruption or condition-code setting. In 
particular, an attempt to access a storage 
location which has been configured out of 
the system results in an addressing 
exception and does not generate a 
machine-check condition, even though the 
storage location or its associated storage 
key has invalid CBC. 


A machine check is indicated whenever the 
result of an operation could be affected by 
information with invalid CBC, or when any 
other malfunction makes it impossible to 
establish reliably that an operation can 
be, or has been, performed correctly. When 
information with invalid CBC is fetched but 
not used, the condition may or may not be 
indicated, and the invalid CBC is 
preserved. 


When a machine malfunction is detected, the 
action taken depends on the model, the 
Nature of the malfunction, and the 
Situation in which the malfunction occurs. 
Malfunctions affecting operator-facility 
actions may result in machine checks or may 
be indicated to the operator. Malfunctions 
affecting certain other operations such as 
SIGNAL PROCESSOR may be indicated by means 
of a condition code or may result in a 
machine-check interruption. 


A malfunction detected as part of an I/0 
operation may cause a mach ine-check 
condition, an I/O-error condition, or both. 
I/O-error conditions are indicated by an 
I/O interruption or by the appropriate 
condition-code setting during the execution 
of an I/0 instruction. When the machine 
reports a failing-storage location detected 
during an I/O operation, both I/0O-error and 
machine-check conditions may be presented. 


The I/O-error condition is the primary 
indication to the program. The 
machine-check condition is a secondary 
indication, which is presented as system 
recovery or as an external secondary 
report, together with a failing-storage 
address. 


VALIDATION 


Machine errors can 
as solid or intermittent, 
persistence of the malfunction. A 
persistent machine error is said to be 
solid, and one that is not’ persistent is 
said to be intermittent. In the case of a 
register or storage location, a third type 


be generally classified 
according to the 


of error nust be considered, called 
externally generated. An externally 
generated error is one where no failure 


exists in the register or storage location 
but invalid CBC has’ been introduced into 
the location from something external to the 


location. For example, the value could be 
affected by a power transient, or an 
incorrect value may have been introduced 
when the information was placed in the 
location. 


Invalid CBC is preserved as invalid when 
information with invalid CBC is fetched or 
when an attempt is made to update onlya 
portion of the checking block. When an 
attempt is made to replace the contents of 
the entire checking block and the block 
contains invalid CBC, it depends on the 
operation and the model whether’ the block 
remains with invalid CBC oris' replaced. 
An operation which replaces the contents of 
a checking block with valid CBC, while 
ignoring the current contents, is called a 
validation operation. Validation is used 
to introduce a valid CBC into a register or 
location which is suffering from an 
intermittent or externally generated error. 


Validating a checking block does not ensure 
that a valid CBC will be observed the next 
time the checking block is accessed. If 
the failure is solid, validation is 
effective only if the information placed in 
the checking block is such that the failing 
bits are set to the value to which they 
fail. If an attempt is made to set the 
bits to the state opposite to that in which 
they fail, then the validation will not be 
effective. Thus, for a solid failure, 
validation is only useful to eliminate the 
error condition, even though the underlying 
failure remains, thereby reducing the 
exposure to additional re ports. The 
locations, however, cannot be used, since 
invalid CBC will result from attempts’ to 
store other values in the location. For an 
intermittent failure, however, validation 
is useful to restore a valid CBC such that 
a subsequent partial store into the 
checking block (a store into a checking 
block without replacing the entire checking 
block) by either the CPU or a channel will 
be permitted. 


When a checking block consists of multiple 


bytes in storage, or multiple bits in CPU 
registers, the invalid CBC can be made 
valid only when all of the bytes. or bits 
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are replaced simultaneously. 


For each 
certain 


type of field 
instructions 
validate the field. 
model, additional instructions may also 
perform validation; or, in Some models, a 
register is automatically validated as part 
of the machine-check-interruption sequence 
after the original contents of the register 
are placed in the appropriate save area. 


in the systen, 
are defined to 
Depending on the 


When an error occurs ina checking block, 
the original information contained in the 
checking block should be considered lost 
even after validation. Automatic register 
validation leaves the contents 
unpredictable. Programmed and manual 
validation of checking blocks causes’ the 


contents to be changed explicitly. 


Programming Note 


The machine-check-interruption handler must 
assume that the registers require 
validation. Thus, each register should be 
loaded, using an instruction defined to 
validate, before the register is used or 
stored. 


INVALID CBC IN STORAGE 


The size of the checking block in storage 
depends on the model but is never more than 
2,048 bytes. 


When invalid CBC is detected in storage, a 
machine-check condition may OCCUL; 
depending on the circumstances, the 
machine-check condition may be systen 
damage, instruction-processing damage, 
external damage, or system recovery. If 
the invalid CBC is detected as part of an 
I/O operation, the error is normally 
reported as an I/O-error condition. When a 


CCW, indirect-data-address word, or data is 
prefetched from storage, is found to have 
invalid CBC, but is not used inan I/0 
operation, the condition is normally not 
reported as an I/O-error condition. The 
condition may or may not be reported asa 


machine-check interruption. Invalid CBC 


detected during accesses to storage for 
other than CPU-related accesses may be 
reported as system recovery with storage 


error uncorrected indicated, or as external 
secondary report, Since the primary error 
indication is reported by some other means. 


When the storage checking klock consists of 
multiple bytes and contains invalid CBC, 
special storage-validation procedures are 
generally necessary to restore or place new 
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information in the 
Validation of storage is 
Manual clear-reset operation and may also 
be provided as a program function. Manual 
storage validation by clear reset validates 
all blocks. 


checking block. 
provided with the 


A checking block with invalid CBC is never 
validated unless the entire contents of the 
checking block are replaced. An attempt to 
store into a checking block having invalid 
CBC, without replacing the entire checking 
block, leaves the data in the checking 
block (including the check bits) unchanged. 
Even when an instruction or an I/O input 
operation Specifies that the entire 
contents of a checking block are to be 
replaced, validation may or may not occur, 
depending on the operation and the model. 


Programming Note 


Machine checks 
prefetched and 
the model, 
be 
BALR 


may be reported for 
unused data. Depending on 
such situations may, or may not, 
successfully retried. For example, a 
instruction which specifies an Ro, 
field of zero will never branch, but on 
some models a prefetch the location 
specified by register zero may occur. 
Access exceptions associated with this 
prefetch will not be reported. However, if 
an invalid checking-block code is detected, 
CPU retry may be attempted. Depending on 
the model, the prefetch may recur as part 
of the retry, and thus the retry will not 
be successful. Even when the CPU retry is 
successful, the performance degradation of 
such a retry is significant, and system 
recovery will be presented, normally with a 
failing-storage address. The program in 
this case should initiate proceedings’ to 
eliminate use of, and validate the 
location, to avoid continued degradation. 


of 


of Storage 


Provided that an invalid CBC does not exist 
in the storage key associated with a 
uK-byte block, the instruction TEST BLOCK 
causes the entire 4&K-byte block to be set 
to zeros with a valid CBC, regardless of 
the current contents of the storage. TEST 
BLOCK thus removes an invalid CBC froma 
location in storage which has an 
intermittent, or one-time, failure. 
However, if a permanent failure exists in a 
portion of the storage, a subsequent fetch 
may find an invalid CBC. 


When the instruction TEST BLOCK is included 
in a System/370 model, TEST BLOCK will, in 
most cases, be the most effective 


instruction in validating storage. When 
TEST BLOCK is not included, the instruction 


MOVE LONG, depending on the model, may 
prove effective. 
Programming Note 
The effectiveness of the following 
guideline depends on the model. On_ some 


models instructions may be implemented that 
are more effective than the one listed 
here; however, the following approach is 
recommended when a model-dependent routine 
cannot be justified. 


Execution of the instruction MOVE LONG will 
be most effective in validating the 
main-storaqe area containing the first 
operand when the following conditions are 
satisfied: 


° The first-operand field and 
second-operand field participating in 
the operation do not overlap. 


e The first-operand field starts on a 
2K-byte boundary and is 2K bytes (or a 
multiple) in length. 


° The second-operand field, if nonzero 
in length, starts on a 2K-byte 
boundary and is 2K bytes (or a 
multiple) in length. 

° In general, the validation will be 
more effective if the second-operand 
field is of zero length. A_ nonzero 
second operand should be specified 


only if it is required to restore the 
contents of the block without 
introducing intermediate values. 


An interruption or stopping of the CPU 
during execution of MVCL does not affect 
the validation function performed. 

INVALID CBC IN STORAGE KEYS 

Depending on the model, each storage key 
may be contained in a_ Single checking 
block, or the access-control and 


fetch-protection bits and the reference and 


change bits may be in separate checking 
blocks. 
The figure “Invalid CBC in Storage Keys" 


describes the action taken when the storage 
key has invalid CBC. The figure indicates 
the action taken for the case when the 
access-control and fetch-protection bits 
are in one checking block and the reference 
and change bits are ina separate checking 
block. In machines where both fields are 
included in a single checking block, the 
action taken is the combination of the 
actions for each field in error, except 
that completion is permitted only if an 
error in all affected fields permits 
completion. References to main storage to 
which protection does not apply are treated 
aS if an access key of zero is used for the 
reference. This includes such references 
as channel references during the initial 
progran load procedure and implicit 
references, such as interruption action and 
DAT-table accesses. 
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aaa NG ee ee ne ee Oa ep ee ae Sal es ie oO ee ee ee rena ee or ee 
| | Action Taken on Invalid CBC | 
-~—---— 
| {For Access—Control and| For Reference and | 
| Type of Reference |Fetch—Protection Bits | Change Bits | 
-————____—_ —_-—-__ a or. LL 
|Set storage key |Complete; validate. |Complete; validate. | 
| | l | 
{Insert storage key |PD; preserve. IPD in EC mode, PD or | 
I | |complete in BC mode; | 
| | | preserve. | 
| | | | 
{Reset reference bit IPD or complete; {PD; preserve. | 
| | preserve. { | 
| { [ | 
|CPU prefetch (informa—|CPF; preserve. |CPF; preserve. | 
| tion not used) | | | 
[ | | [ 
[I/O prefetch (informa—|IPF; preserve. |IPF; preserve. | 
| tion not used) | | ] 
| [ { [ 
|Fetch, nonzero access |MC; preserve. IMC or complete; | 
{| key | | preserve. | 
I | | | 
|Store, nonzero access |MC1; preserve. IMC or complete; | 
| key | |preserve or correct. | 
[ | [ [ 
|Fetch, zero access IMC or complete; |MC or complete; | 
| key2 | preserve. | preserve. | 
| | I [ 
1Store, zero access IMC or complete; {MC or complete; | 
| key2 | preserve. |preserve or correct3.| 
|-— —_—_4__ ___ -- —_ _________--¢_____  —_—-—_—_______——_+§_f 
| l 
|Explanation: | 
| | 
IComplete The condition does not cause termination of the execution | 
| of the instruction and, unless an unrelated condition pro—| 
| hibits it, the execution of the instruction is completed, | 
| ignoring the error condition. No machine—-check—damage | 
| conditions are generated, but a system—recovery condition | 
| may be generated. | 
| I 
| CPF Invalid CBC in the storage key for a CPU prefetch which is| 
| unused may give rise to any of the following: | 
| ° Completed operation; no error reported. { 
| e Completed operation; system recovery reported with | 
| storage—key error uncorrected and a failing—storage | 
| address. | 
| e Instruction—processing damage (either with or without | 
| backup); storage—key error uncorrected and a failing— | 
| storage address. | 
| Lees ———— 


Invalid CBC in Storage Keys (Part 1 of 2) 
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C 





address. 


address. 


tion. 


I/O—error condition. 


PD Instruction—processing—damage; 
error uncorrected. 
MC Same as PD for CPU references, 


external secondary report, 


CBC are left unchanged. 


CBC. 


-- 


N 


Ql 


ee 


Invalid CBC in Storage Keys (Part 2 of 2) 


INVALID CBC IN REGISTERS 


When invalid CBC is detected in a CPU 
register, a machine-check condition may be 


recognized. CPU registers include the 
general, floating-point, and control 
registers, the current PSW, the prefix 


IPF Invalid CBC in the storage key for an I/O prefetch which 
is unused may result in any of the following: 
e Completed operation; no error reported. 
e Completed operation; system recovery reported with 
storaqe—key error uncorrected and a failing—storage 


e T/O—error condition; no machine—check condition. 
e I/O—error condition; system recovery reported with 
storage—key error uncorrected and a failing—storage 


e External damage; storage—key error uncorrected anda 
failing-—storage address, or no storage—key error un— 
corrected; I/0O—error condition or no I/0O—error condi-— 


e External damage; valid external—damage code, external 
secondary report, storage—key error uncorrected, and 
a failing—storage address; I/0—error condition or no 


storage—key error uncor— 
rected and a failing—storage address, or no storage—key 


but an I/O reference may 
result in the following combinations of I/0-—error condi- 
tion and machine—check interruption. 

e I/O—error condition and no machine—check interruption 
° System recovery, with storage—key error and a failing— 


storage—address or without storage—key error, and an 
I/O—error condition 
e External damage, with storage—key error uncorrected 


and a failing—storage address or without storage—key 
error, and with or without an I/O—error condition. 
e External damage, with a valid external—damage code, 
storage error, and a 
failing—storage address, and an I/O—error condition. 


Validate The entire key is set to the new value with valid CBC. 


Preserve The contents of the entire checking block having invalid 
Correct The reference and change bits are set to ones with valid 


The contents of the main-—-storage location are not changed. 


The action shown for an access key of zero is also appli- 
cable to references to which protection does not apply. 


The contents of the reference and change bits are pre— 
served if the "MC" action is taken and are converted to 
ones if the "complete" action is taken. 


a 


register, the TOD clock, the CPU timer, and 
the clock comparator. 


When a machine-check interruption occurs, 
whether or not it is due to invalid CBC in 
a CPU register, the following actions 


affecting the CPU registers, other than the 
prefix register and the TOD-clock, are 
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taken as part of the interruption. 


1. The contents of the registers are 
saved in assigned storage locations. 
Any register which is in error is 
identified by a corresponding validity 
bit of zero in the machine-check- 
interruption code. Malfunctions 
detected during register saving do not 
result in additional machine-check- 
interruption conditions; instead, the 
correctness of all the information 
stored is indicated by the appropriate 
setting of the validity bits. 


2. On some models, registers with invalid 
CBC are then validated, their actual 
contents being unpredictable. On 
other models, programmed validation is 
required. 


The prefix register and the TOD clock are 
not stored during a machine-check 
interruption, have no corresponding 


validity bit, and are not validated. 


On those models in which registers are not 
automatically validated as part of the 
machine-check interruption, a register with 
invalid CBC will not cause a machine-check- 
interruption condition unless the contents 
of the register are actually used. In 
these models, each register may consist of 
one or more checking blocks, but multiple 
registers are not included in a_ single 
checking block. When only a portion of a 
register is accessed, invalid CBC in the 
unused portion of the same register may 
cause a machine-~check-interruption 
condition. For example, invalid CBC in the 
right half of a long operand of a floating- 
point register may cause a machine-check- 
interruption condition if a LOAD (LE) 
operation attempts to replace the left 
half, or short form, of the register. 


Invalid CBC associated with the check-stop- 
control bit (control register 14, bit 0) 
and with the asynchronous fixed-logout- 
control bit (control register 14, bit 9) 


will cause the CPU either to enter the 
check-stop state immediately or to assume 
that bits 0O and 9 have their initialized 


values of one and zero, respectively. 


Invalid CBC associated with the prefix 
register cannot safely be reported by the 
machine-check interruption, since the 
interruption itself requires that the 
prefix value be applied to convert real 
addresses to the corresponding absolute 
addresses. Invalid CBC in the prefix 
register causes the CPU to enter the 
check-stop. state immediately when the 
check-stop-control bit (control register 
14, bit 0) is one. When the check-stop- 
control bit is zero the machine is 
permitted to ignore even the most’ severe 
errors; thus, invalid CBC inthe prefix 
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register may be ignored oor may cause the 


CPU to enter the check-stop state. 


On those models which do not validate 
registers during a machine-check 
interruption, the following instructions 
will cause validation of a register, 
provided the information in the register is 
not used before the register is validated. 
Other instructions, although they replace 
the entire contents of a register, do not 
necessarily cause validation. 


General registers are validated by BRANCH 
AND LINK (BAL, BALR), LOAD (LR), and LOAD 
ADDRESS (LA). LOAD (L) and LOAD MULTIPLE 
(LM) validate if the operand is on a word 
boundary, and LOAD HALFWORD (LH) validates 
if the operand is on a halfword boundary. 


Floating-point registers are validated by 
LOAD (LDR) and, if the operand is on a 
doubleword boundary, by LOAD (LD). 


Control registers may be validated either 
singly or in groups by using the 
instruction LOAD CONTROL (LCTL). 


The CPU timer and clock comparator are 
validated by SET CPU TIMER (SPT) and SET 
CLOCK COMPARATOR (SCKC), respectively. 


The TOD clock is validated by SET CLOCK 
(SCK) if the TOD-clock control is_ set to 
enable-set. 

Programming Note 

Depending on the register, and the model, 


the contents of a register may be validated 
by the machine-check interruption or the 


model may require that a program issue a 
validating instruction after the 
machine-check interruption has occurred. 


In the case of the CPU timer, depending on 
the model, both the machine-check 
interruption and validating instructions 
may be required to restore the CPU timer to 
full working order. 


QO 


HECK-STO 


Se RSE RE EE — 


STATE 


In certain situations it is impossible or 


undesirable to continue operation when a 
Machine error occurs. In these cases, the 
CPU may enter the check-stop state, which 


is indicated by the check-stop indicator. 


In general, the CPU may enter the 
check-stop state whenever an uncorrectable 
error or other malfunction occurs) and the 
Machine is unable to recognize a specific 
machine-check-interruption condition. 


The CPU always enters the check-stop state 
if the check-stop-control bit, bit 0 of 


control register 14, is one and if any of 
the following conditions exists: 
e PSW bit 13 iS zero andan exigent 


machine-check condition is generated. 


execution of 
due to one exigent 
condition, another 
machine-check condition is 


e During the 
interruption 
machine-check 
exigent 
detected. 


an 


e During a machine-check interruption, 
the machine-check-interruption code 
cannot be stored successfully or the 
new PSW be fetched successfully. 


e Invalid CBC is detected 
register. 


in the prefix 


e A malfunction in the receiving CPU, 
which is detected after accepting the 
order, prevents the successful 


completion of a SIGNAL PROCESSOR order 


and the order was a reset, or the 
receiving CPU cannot determine what 
the order was. The receiving CPU 


enters the check-stop state. 


If the check-stop-control bit is zero when 
one of these conditions occurs, the CPU may 
or may not enter the check-stop. state, 
depending on the model. There may be many 
other conditions for particular models when 
an error may cause check stop. 


When the CPU is 
instructions and 
executed, the 


in the check-stop state, 

interruptions are not 
interval timer is not 
updated, and channel operations may be 
stopped. In systems with channel-set 
Switching, I/O operations are normally not 
affected. The TOD clock is normally not 
affected by the check-stop state. The CPU 
timer may or may not run in the check-stop 
State, depending on the error and the 
model. The start key and stop key are not 
effective in this state. 


The CPU may be removed from the check-stop 
state by CPU reset. 


In a multiprocessing configuration, a CPU 
entering the check-stop state generates a 
request for a nmalfunction-alert external 
interruption to all CPUs in the 
configuration. Except for the reception of 
a malfunction alert, other CPUs and I/0 
operations are not normally affected by the 
check-stop- state in a CPU. However, 
depending on the nature of the condition 
causing the check stop, other CPUs may also 
be delayed or stopped, and I/O activity for 
channels connected to other CPUs may _ be 
affected. 


System Check Stop 


In a multiprocessing configuration, some 


errors, malfunctions, and damage conditions 
are of such a severity that the condition 
causes all CPUS in the configuration to 


This condition 
The state 


enter the check-stop state. 
is called a system check stop. 
of the channels is unpredictable. 


Programming Note 


should avoid setting the 
control, bit 0 of control 
to zero, Since the machine may 


operate rather than enter the 


The progran 
check-stop 
register 14, 
continue to 


check-stop state when extremely serious 
conditions, such as an error in the prefix 
register, occur. 


MACHINE-CHECK INTERRUPTION 


2 a a eee SS AS 


A request for a machine-check interruption, 


which is made pending as the result of a 
machine check, is called a machine-check- 
interruption condition. There are two 
types of machine-check-interruption 
conditions: exigent conditions and 
repressible conditions. 

EXIGENT CONDITIONS 

Exigent machine-check-interruption condi- 
tions are those in which damage has or 


would have occurred such that the current 
instruction or interruption sequence cannot 
safely continue. Exigent conditions are of 
two classes: instruction-processing damage 
and systen damage. In addition to 
indicating specific exigent conditions, the 
system-damage bit is used to report any 
malfunction or error which cannot be 
isolated to a less severe report. 
conditions for instruction 
are classified as two types, 
exigent conditions and 
exigent conditions, according 
to whether the instruction affected is 
nullified or terminated. Exigent 
conditions for interruptions are classified 
as one type, terminating exigent 
conditions. The terms "nullification" and 
"termination" have the same meaning as that 
used in Chapter 6, "Interruptions," except 
that more than one instruction may he 
involved. Thus a nullifying exigent 
condition indicates that the CPU has 
returned to the beginning of a unit of 


Exigent 
seguences 
nullifying 
terminating 
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operation prior to the error. A 
terminating exigent condition means that 
the results of one or more instructions may 
have unpredictable values. 


REPRESSIBLE CONDITIONS 


Repressible machine-check-interruption 
conditions are those in which the results 
of the instruction-procesSsing sequence have 
not been affected. Repressible conditions 
can be delayed, until the completion of the 
current instruction or even longer, without 
affecting the integrity of CPU operation. 


Repressible conditions are of three 
classes: recovery, alert, and repressible 
damage. Each class has. one or more 
subclasses. 

A malfunction in the CPU, storage, channel, 
or operator facilities which has been 
successfully corrected or circumvented 


internally without logical damage is called 
a recovery condition. Depending on the 
model and the type of malfunction, some or 
all recovery conditions may be discarded 
and not reported. Recovery conditions that 
are reported are grouped in one subclass, 
system recovery. 


A machine-check-interruption condition not 
directly related to a machine malfunction 
is called an alert condition. The alert 
conditions are grouped in two subclasses: 
degradation and warning. 


A malfunction resulting in an incorrect 
State of a portion of the system not 
directly affecting sequential CPU operation 
is called a repressible-damage condition. 
Repressible-damage conditions are divided 
into three subclasses, according to the 
function affected: timing-facility damage, 
interval-timer damage, and external damage. 


Programming Notes 


1. Even though represSsible conditions are 
usually reported only at normal points 


of interruption, they may also be 
reported with exigent machine-check 
conditions. Thus, if an exigent 
machine-check condition causes an 
instruction to be abnormally 
terminated and a machine-check 
interruption occurs to report the 
exigent condition, any pending 
repressible conditions may also be 


reported. The meaningfulness of the 
validity bits depends on what exigent 
condition is reported. 

condition 


2. Classification of a damage 
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as repressible does not imply that the 
damage is necessarily less severe than 
damage classified as an exigent 
condition. The distinction is whether 
action must be taken as soon as the 
damage is detected (exigent) Or 
whether the CPU can continue 
processing (repressible). For a 
repressible condition, the current 
instruction can be completed before 
taking the machine-check interruption 
if the CPU is enabled; if the CPU is 
disabled for machine checks, the 
condition can safely be kept pending 
until the CPU is again enabled for 
machine checks. 


For example, the CPU may be disabled 
for machine-check interruptions 
because it is handling an earlier 


instruction-processing-damage interrup- 


tion. If, during that time, an I/0 
operation encounters a storage error, 
that condition can be kept pending 
because it is not expected to 
interfere with the current machine- 
check processing. If, however, the 


CPU also makes a reference to the area 
of storage containing the error before 
re-enabling machine-check 
interruptions, another instruc tion- 
processing-damage condition is 
created, which is treated as an 
exigent condition and causes’ the CPU 
to enter the check-stop state, if the 
check~stop-control bit is set to one. 


INTERRUPTION ACTION 


interruption causes’ the 
taken. The PSW 
interruption is 


A machine~check 
following actions to be 
reflecting the point of 
Stored as the machine-check old PSW at 
location 4s. The contents of other 
registers are stored in register-save areas 
at locations 216-231 and 352-511. After 
the contents of the registers are stored in 
register-save areas, depending on the 
model, the registers may be validated with 
the contents being unpredictable. A 
failing-storage address, if any, is stored 
at location 248, an external-damage code 
may be stored at location 244, and a region 
code may be stored at location 252. fThena 
machine-check-interruption code (MCIC) of 
eight bytes is placed at location 232. The 
new PSW is fetched from location 112. 
Additionally, sometime before the’ storing 
of the MCIC, one or more machine-check 
logouts may have occurred. The 
machine-generated addresses to access the 
old and new PSW, the interruption code, 
extended interruption information, and the 
fixed-logout area are all real addresses. 
The machine-check extended-logout address 
is also a real address. 


J 


J 


J 


[ 
| Information Stored (Fetched) | 


| Starting | 
Location {in Bytes | 
—_——-— thee 


Length | 


|Old PSW | 48 | 8 | 
|New PSW (fetched) | 112 | 8 [ 
| Machine—check—interruption code | 232 | 8 | 
|Failing—storage address | 248 | 4 | 
|Register-—save areas | | | 
| CPU timer | 216 | 8 | 
| Clock comparator | 224 | 8 | 
| Floating—point registers 0, 2, 4, 6 | 352 | 32 [ 
| General registers 0-15 | 384 | 64 | 
| Control registers 0-15 | 448 [ 64 [ 
[Extended interruption information | | | 
| External—damage code | 244 | y | 
| Region code | 252 | 4 | 
{Logout areas | | | 
| Fixed logout | 256 | 96 | 

| Note 1 | Note 2 | 


| Machine—check extended logout (MCEL) 
— ite eer RET 








Notes: 





| 

| 

|, “ 
| MCEL address in control register 15. 
| 

| 


2. The length of the MCEL is model—dependent. 
Es a a te Sa RC US Cr I rd 


Machine—Check—Interruption Locations 


The fields accessed during the machine- 
check interruption are Summarized in the 
figure "Machine-Check~Interruption 


Locations." 


If the machine-~check-interruption code 
cannot be stored successfully or the new 
PSW cannot be fetched successfully, the CPU 
enters the check-stop state when the check- 
stop-control bit is one. 


A repressible machine-check condition 
initiate a machine-check interruption only 
if both oPSW bit 13 is one and the 
associated subclass mask bit in control 
register 14 is also one. When it occurs, 
the interruption does not terminate the 
execution of the current instruction; the 
interruption is taken at a normal point of 
interruption, and no program or 
supervisor-call interruptions are 
eliminated. If the machine check occurs 
during the execution of a machine function, 


can 


such as a CPU-tiner update, the 
machine-check interruption takes place 
after the machine function has been 


completed. 


When the CPU is disabled for 
repressible machine-check 
condition remains pending. Depending on 
the model and the condition, multiple 
repressible conditions may ke held pending 
for a particular subclass, or only one 
condition may be held pending for a 
particular subclass, regardless of the 
humber of conditions that may have been 


a particular 
condition, the 


[ 
[ 
The starting location of the MCEL is determined by the | 
[ 
[ 
[ 


When nultiple 
Occur, each 


detected for that subclass. 
external-damage conditions 
condition is retained. 


When a repressible machine-check 
interruption occurs because the 
interruption condition is in a subclass for 
which the CPU is enabled, pending 
conditions in other subclasses may also be 
indicated in the same interruption code, 


even though the CP0 is disabled for those 
subclasses. All indicated conditions are 
then cleared. 


If a machine check which is to be reported 
as a system-recovery condition is detected 
during the execution of the interruption 
procedure due toa previous machine-check 
condition, the system-recovery condition 
may be combined with the other conditions, 
discarded, or held pending. 


condition can 
interruption only 


An exigent machine-check 
cause a machine~check 
when PSW bit 13 is one. Whena nullifying 
exigent condition causes a machine-check 
interruption, the interruption is taken at 
a normal point of interruption. When a 
terminating exigent condition causes a 
machine-check interruption, the 
interruption terminates the execution of 
the current instruction and may eliminate 
the progran and supervisor-call 
interruptions, if any, that would have 
occurred if execution had continued. 
Proper execution of the interruption steps, 
including the storing of the old PSW and 
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other information, depends on the nature of 
the malfunction. When an exigent 
machine-check condition occurs during the 
execution of a machine function, Such as a 
cPuU-timer update, the sequence is not 
necessarily completed. 


When PSW bit 13 is zero andan exigent 
machine-check condition is generated, 
subsequent action depends on the state of 


the check-stop-control bit, bit 0 of 
control register 14. When the 
check-stop-control bit is Zero, the 
machine-check condition is held pending, 
and an attempt is made to complete the 
execution of the current instruction and to 
proceed with the next sequential 
instruction. When the check-stop-control 
bit is one, processing stops immediately, 
and the CPU enters the check-stop- state. 
Depending on the model and the severity of 
the error, the CPU may enter the check-stop 
state even when the check-stop-control bit 


is zero. 

Similarly, if, during the execution of an 
interruption due to one exigent 
machine-check condition, another exigent 


machine check is detected, the subsequent 
action depends on the state of the 
check-stop-control bit. If the 
check-stop-control bit is one, the CPU 
enters the check-stop state; if the bit is 


zero, an attempt is made to proceed with 
the condition held pending for subsequent 
interruption. If an exigent machine check 


is detected during an interruption due to a 
repressible machine-check condition, system 
damage is reported. 


Exigent machine-check conditions held 
pending while the check-stop-control bit is 
zero remain pending and do not cause the 
CPU to enter the check-stop state if the 
check-stop-control bit is subsequently set 
to one. 


Machine-check-interruption conditions are 
handled in the same manner regardless of 
whether the wait-state bit inthe PSW is 
one or zero: a machine-check condition 
causes an interruption if the CPU is 
enabled for that condition. 


Machine checks which occur while the rate 
control is set to instruction step are 
handled in the same manner as when the 
control is set to process; that is, 
recovery mechanisms are active, and logout 
and machine-check interruptions occur when 
allowed. Machine checks occurring during a 
Manual operation may be indicated to the 
operator, may generate a sysStem-recovery 
condition, may be reported as an external 


secondary report, may result in systen 
damage, or May cause a check stop, 
depending on the model. 

Every reasonable attempt is made to limit 
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the side effects of any machine check and 
the associated interruption. Normally, 
interruptions, as well as the progress of 
I/O operations, remain unaffected. The 
malfunction, however, may affect these 
activities, and, if the currently active 
PSW has bit 13. set to one, the 
machine-check interruption will indicate 
the total extent of the damage caused, and 
not just the damage which originated the 
condition. 


POINT OF INTERRUPTION 


The point in the processing which is 
indicated by the interruption and used as a 
reference point by the machine to determine 
and indicate the validity of the status 
stored is referred to as the point of 
interruption. 


Because of the checkpoint 
models with CPU retry, the interruption 
resulting from an exigent machine-check- 
interruption condition may indicate a point 
in the CPU processing sequence which is 
logically prior to the error. 
Additionally, the model May have some 
choice as to which point in the CPU 
processing sequence the interruption is 
indicated, and, in some cases, the status 
which can be indicated as valid depends on 
the point chosen. 


capability in 


Only certain points in the processing may 
be used as a point of interruption. For 
repressible machine-check inte rruvtions, 
the point of interruption must be after one 
unit of operation is completed and any 
associated program or supervisor-call 
interruption is taken, and before the next 
unit of operation is begun. 


Exigent machine-check conditions for 
instruction sequences are those in which 
damage haS or would have occurred to the 
instruction strean. Thus, the damage can 
normally be associated with a point part 
way though an instruction and this point is 
called the point of damage. In some cases 
there may be one or more instructions 
separating the point of damage and the 
point of interruption, and the processing 
associated with one or more instructions 
may be damaged. When the point of 
interruption is a point prior to the point 
of damage due to a nullifiable exigent 
machine-check condition, the point of 
interruption can be only at the same points 
as for repressible machi ne-check 
conditions. 


Exigent machine-check conditions which are 
delayed (disallowed and presented later 
when allowed) can be presented only at the 
same points of interruption as repressible 


machine-check conditions. When a 
terminating exigent machine-check condition 
is not delayed, the point of interruption 
may also be after the unit of operation is 
completed but before any associated program 
or supervisor-call interruption occurs. In 
this case, a valid PSW instruction address 
is defined as that which would have been 
stored in the old PSW for the program or 
supervisor-call interruption. Since the 
operation has been terminated, the values 
in the result fields, other than the 
instruction address, are unpredictable. 
Thus the validity bits associated with 
fields which are due to be changed by the 
instruction stream are meaningless when a 
terminating exigent machine-check condition 
is reported. 


and the 
exigent 
separated by a 
function, the 
isolated to a 
system damage is 


When the point of interruption 
point of damage due to an 
machine-check condition are 
checkpoint-synchronization 
damage has. not been 
particular program, and 
indicated. 


Programming Note 


When an exigent machine-check-interruption 


condition occurs, the point of interruption 
which is chosen affects the amount of 
damage which must be indicated. An attempt 
is made, when possible, to choose a point 
of interruption which permits the mininun 
indication of damage. In general, the 
preference is the interruption point 
immediately preceding the error. 


When all the status information stored as a 
result of an exigent machi ne-check- 
interruption condition does not reflect the 
same point, an attempt is made when 
possible to choose the poi nt of 
interruption so that the instruction 
address which is stored in the 
machine-check old PSW is valid. 


MACHINE-CHECK- INTERRUPTION CODE 


On all machine-check interruptions, a 
machine-check-interruption code (MCIC) is 
stored at the doubleword starting at 
location 232 and has the format shown in 
the figure "Machine-Check Interruption-Code 
Format." 


Bits in the MCIC which are not assigned, or 
not implemented by a particular model, are 
stored as zeros. 
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9000000000000 01T CI MCEL Length | 
Ee ee | 


32 46 48 63 
Bits Name 

0 System damage (SD) 

1 Instruction—processing damage (PD) 

2 System recovery (SR) 

3 Interval—timer damage (TD) 

4 Timing-facility damage (CD) 

5 External damage (ED) 

7 Degradation (DG) 

8 Warning (W) 

14 Backed up (B) 

15 Delayed (D) 

16 Storage error uncorrected (SE) 

17 Storage error corrected (SC) 

18 Storage—key error uncorrected (KE) 

20 PSW-EMWP validity (WP) 

21 PSW mask and key validity (MS) 

22 PSW program—mask and condition—code validity (PM) 
23 PSW-instruction—address validity (IA) 

24 Failing—storage—address validity (FA) 

25 Region—code validity (RC) 

26 External—damage—code validity (EC) 

27 Floating—point—register validity (FP) 

28 General-register validity (GR) 

29 Control—register validity (CR) 

30 Logout validity (LG) 

31 Storage logical validity (ST) 

46 CpU-timer validity (CT) 

47 Clock—comparator validity (CC) 

48-63 Machine—check—extended—logout (MCEL) length 


ote: All other bits of the MCIC are unassigned and stored as zeros. 


Machine-Check Interruption-Code Format 


Programming Note 


The program should not depend on unassigned 
bits in the machine-check-interruption code 
being zeros, so as_ to ensure that existing 
programs run if and when new facilities 
using these bits are defined. 


SUBCLASS 

Bits 0-5, 7, and 8 are the subclass bits 
which identify the type of machine-check 
condition causing the interruption. At 


least one of the subclass bits is stored as 


a one. When multiple errors have occurred, 
several of the defined bits may be set to 
ones. 
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System Damage 


Bit O (SD), when one, indicates that damage 
has occurred which cannot be isolated _ to 
one or more of the less severe 
machine-check subclasses. When system 
damage is indicated, the remaining bits in 
the machine-check-interruption code are not 


meaningful, and information stored in the 
register-save areas, machine-check 
extended-interruption fields, and 
failing-storage-address field is not 


meaningful. System damage is a terminating 
exigent condition. 


Bit 1 (PD), when one, indicates that damage 
has occurred to the instruction processing 
of the CPU. 


The exact meaning of bit 1 depends’ on the 
setting of the backed-up bit, bit 14. When 
the backed-up bit is one, the condition is 


called processing tackup. When the 
backed-up bit is zero, the condition is 
called processing damage. These two 
conditions are descrited in the section 
"Synchronous Machine-Check-Interruption 


Conditions" in this chapter. 


Instruction-processing damage is a 
nullifying or terminating exigent 
condition. 


System Recovery 


Bit 2 
Malfunctions were 


(SR), when one, indicates’ that 
detected but did not 
result in damage or have been successfully 
corrected. Some malfunctions detected as 
part of an I/O operation may result ina 
system-recovery condition in addition to an 
I/O-error condition. The presence and 
extent of the system-recovery capability 
depend on the model. 


System recovery is a repressible condition. 


Programming Notes 


1. System recovery may be used to report 
a failing-storage address detected by 
a CPU prefetch or by an I/O operation. 


2. Unless the corresponding validity bits 


are ones, the indication of systen 
recovery does not imply storage 
logical validity, or that the fields 
stored as a result of the 


machine-check interruption are valid. 


Interval-Timer Damage 


Bit 3 (TD), when one, indicates that damage 
has occurred to the interval timer or to 
storage location 80. Interval-timer damage 
is a repressible condition. 


Timing-Facility Damage 


Bit 4 (CD), when one, indicates that damage 
has occurred to the TOD clock, the CPU 
timer, the clock comparator, or to the 
CPU-timer or clock-comparator external- 
interruption conditions. The timing- 
facility-damage machine-check condition is 
set whenever any of the following occurs: 


1. The TOD clock accessed by this CPU 
enters the error or  not-operational 
state. 


2. The CPU timer is 
is enabled for 


damaged, and the CPU 

Cpu-timer external 
interruptions. On some models, this 
condition may be recognized even when 
the CPU is not enabled for CPU-timer 
interruptions. Depending on the 
model, the machine-check condition may 
be generated only as the CPU timer 
enters an error state. Or, the 
machine-check condition ma y be 
continuously generated whenever the 
CPU is enabled for CPu-timer 
interruptions, until the CPU timer is 
validated. 


3. The clock comparator is damaged, and 
the CPU is enabled for clock- 
comparator external interruptions. On 
some models, this condition may _ be 


recognized even when the CPU is not 
enabled for clock-comparator 
interruptions. 


Timing-facility damage may also be _ set 
along with instruction-processing damage 
when an instruction which accesses’ the 
TOD-clock, CPU timer, or clock comparator 
produces incorrect results. Depending on 
the model, the CPU timer or clock 
comparator may be validated by the 
interruption which reports the CPU timer or 
clock comparator as invalid. 

repressible 


Timing-facility damage is a 


condition. 


Programming Note 


Timing-facility-damage conditions for the 
CPU timer and the clock comparator are not 
recognized on most models when these 
facilities are not in use. The facilities 
are considered not in use when the CPU is 
disabled for the corresponding external 
interruptions (PSH bit de or the 
subclass-mask bits, bits 20 and 21 of 
control register 0, are zeros), and when 
the corresponding set and store 
instructions are not being issued. 
Timing-facility-damage conditions that are 
already pending remain pending, however, 
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when the Cpu is disabled for the 
corresponding external interruption. 


conditions due to 
clock are always 


Timing-facility-damage 
damage to the TOD 
recognized. 


External Damage 


Bit 5 (ED), when one, indicates that damage 


has occurred to a channel ofr to storage 
during operations not directly associated 
with processing the current instruction. 


Channel malfunctions are reported as 
external damage only when the channel is 
unable to report the malfunctions by an 
I/O-error condition. Depending on the 
model and onthe type and extent of the 
error, an external-damage condition may be 
indicated as system damage instead of 
external damage. 


When bit 5, external damage, is one and bit 
26, external-damage-code validity, is also 
one, the external-damage code has_ been 
stored to indicate, in more detail, the 
cause of the external-damage machine-check 
interruption. When the external damage 
cannot be isolated to one or more of the 
conditions as defined in the 
external-damage code, or when the detailed 
indication for the condition is not 
implemented by the model, external damage 
is indicated with bit 26 set to zero. 


External damage is a repressible condition. 


Degradation 

Bit 7 (DG), when one, indicates that 
continuous degradation of systen 
performance, more serious than that 


indicated by system recovery, has occurred. 
Degradation may be reported when 
system-recovery conditions exceed a 
machine-preestablished threshold or when 
unit deletion has occurred. The presence 
and extent of the degradation-re port 
capability depends on the model. 


Degradation is a repressible condition. 


Warning 


Bit 8 (W), when one, indicates that damage 
is imminent in some part of the system (for 


example, that power is akout to fail, or 
that a loss of cooling is occurring). 
Whether warning conditions are recoqnized 


depends on the model. 
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If the condition responsible for the 
imminent damage is removed before the 
interruption request is honored (for 
example, if power is restored), the request 
does not remain pending, and no 
interruption occurs. Conversely, the 


request is not cleared by the interruption, 
and, if the condition persists, more than 
one interruption may result from the same 
condition. 


Warning is a repressible condition. 


TIME OF INTERRUPTION OCCURRENCE 


of the machine-check- 
indicate when the 


Bits 14 and 15 
interruption code 


interruption occurred in relation to the 
error. 

Backed Up 

Bit 14 (B), when one, indicates that the 
point of interruption is ata checkpoint 
before the point of error. This bit is 
meaningful only when the instruction- 
processing-damage bit, bit 1, is also set 
to one. The presence and extent of the 
capability to indicate a backed-up 


condition depends on the model. 


Delayed 


Bit 15 (D), when one, indicates that some 
or all of the machine-check conditions were 


delayed in being reported because the CPU 
was disabled for that type of interruption 
at the time the condition occurred. The 
bit may or may not apply to floating 
machine-check interruptions. 

SYNCHRONOUS MACHINE-CHECK INTERRUPTION 
CON DITIONS 


The instruction-processing da mage and 
backed-up bits, bits 1 and 14 of the 
machine-check-interruption code, identify, 
in combination, two conditions. 


ct 


Bit 1 Bit 1 Name of Condition 


1 
1 


Processing damage 
Processing backup 


= Oo 


Processing Backup 


The processing-backup condition indicates 
that the point of interruption is prior to 
the point, or points, of error. This is a 
nullifying exigent condition. When all of 
the validity bits associated with CPU 
status are indicated as valid, the machine 
has successfully returned to a checkpoint 
prior to the malfunction, and no damage has 
yet occurred. The validity bits in the 
machine-check-interruption code which must 


be one for this to be the case are as 
follows: 
MCIC Bit Fields Covered by Bit 
20 PSW EMWP bits 
21 PSW mask and key 
22 PSW program mask and 
condition code 
23 PSW instruction address 
27 Floating—point registers 
28 General registers 
29 Control registers 
31 Storage (result field 
within current checkpoint 
interval) 
46 CPU timer 
47 Clock comparator 


Programming Note 


The processing-backup condition is reported 
rather than system recovery to indicate 
that a malfunction or failure stands in the 
way of continued operation of the CPU. The 
malfunction has not been circumvented and 
damage would have occurred if instruction 
processing had continued. 


The proceSsing-damage condition indicates 
that damage has occurred to the instruction 
processing of the CPU. The point of 
interruption is a point beyond some or all 
of the points of damage. Processing damage 
is a terminating exigent condition; 
therefore, the contents of result fields 
may be unpredictable and still indicated as 
valid. 


Processing damage may include malfunctions 
in PER, monitor call, and dynamic address 
translation. Processing damage causes any 
SVC interruption and program interruption 
to be discarded. However, the contents of 
the old PSW and interruption-code locations 
for these interruptions may be set to 
unpredictable values. 


STORAGE-ERROR TYPE 


Bits 16-18 of the machi ne-check- 
interruption code are used to indicate an 
invalid CBC or a near-valid CBC detected in 
main storage or an invalid CBC ina storage 
key. The failing-storage-address field, 
when indicated as valid, identifies an 
address within the storage checking block 
containing the error, or, for storage-key 
error uncorrected, within the block 
associated with the Storage key. The 
portion of the system affected by an 
invalid CBC is indicated in the subclass 
field of the machine-check-interruption 
code. I/O-detected storage errors, when 
indicated as I/O-error conditions, may also 


be reported as (1) systen recovery, 
(2) external damage with the 
external-damage code valid or invalid, or 


(3) external secondary report. CBC errors 
that occur in storage or in the storage key 


and that are detected on prefetched or 
unused data by the CPU or channel may or 
may not be reported, depending on _ the 


model. 


Storage Error Uncorrected 


Bit 16 (SE), when one, indicates that a 
checking block in main storage contained 
invalid CBC and that the information could 
not be corrected. The contents of the 
checking block in main storage have not 
been changed. The location reported may 
have been accessed by this CPU or another 
CP0 or by an I/O operation, or its contents 
may have been prefetched for a program or 
fetched as the result of a model-dependent 
storage access. 


Q 


Storage Error 


orrected 


Bit 17 (SC), when one, indicates that a 
checking block in main storage contained 
near-valid CBC and that the information has 
been corrected before being used. 
Depending on the model, the contents of the 
checking block in main storage may or may 
not have been restored to valid CBC. The 
location reported may have been accessed by 
this CPU or another CPU or by an I/O 
operation, or its contents may have’ been 
prefetched for a program or fetched as the 
result of a model-dependent storage access. 
The presence and extent of the 
storage-error-correction capability depends 
on the model. 
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Storage-Key Error Uncorrected 


——— 





Bit 18 (KE), when one, indicates that a 
storage key contained invalid CBC and that 
the information could not be corrected. 
The contents of the checking block in the 
storage key has not been. changed. The 
storage key may have teen accessed by this 
CPU or another CPU or by an I/O operation, 
or its contents may have been prefetched 
for a program or fetched as the result of a 
model-dependent storage access. 


Programming Note 


The storage-error-uncorrected and storage- 
key-error-uncorrected bits do not in 
themselves indicate the occurrence of 
damage because the error detected may not 
have affected a result. The accompanying 
subclass bits of the interruption code 
indicate the area affected by the error. 


MACHINE-CHECK INTERRUPTION-CODE VALIDITY 
BITS 
Bits 20-31, 46, and 47 of the machine- 


check-interruption code are validity bits. 


Each bit indicates’ the validity of a 
particular field in storage. With the 
exception of the storage-logical-validity 


bit (bit 31), each bit is associated with a 
field stored during the machine-check 
interruption. When a validity bit is one, 
it indicates that the saved value placed in 
the corresponding storage field is valid 
with respect to the indicated point of 
interruption and that no error was detected 
when the data was stored. 


When a validity bit is zero, one or more of 
the following conditions may have occurred: 
the original information was incorrect, the 
original information had invalid CBC, 
additional nalfunctions were detected while 
storing the information, or none or only 


part of the information was stored. Even 
though the information is unpredictable, 
the machine attempts, when possible, to 


place valid CBC in the storage field and 
thus reduce the possibility of additional 
machine checks being caused. 
The validity bits for the floating-point 
registers, general registers, control 
registers, CPU timer, and clock comparator 
indicate the validity of the saved value 
placed in the corresponding save area. The 
information in these registers after the 
machine-check interruption is not 
necessarily correct even when the correct 
value has been placed in the save area and 
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bit set to one. The use of 
the registers andthe operation of the 
facility associated with the control 
registers, CPU timer, and clock comparator, 
are unpredictable until these registers are 
validated. (See the section “Invalid CBC 
in Registers" earlier in this chapter.) 


the validity 


PSW-EMWP Validity 


Bit 20 (WP), when one, indicates that the 
EMWP bits (bits 12-15) of the machine-check 
old PSW are correct. 


as 
x 


SW Mask and Key Validity 


Bit 21, when one, indicates that the system 
mask, PSW key, and miscellaneous bits of 
the machine-check old PSW are correct. 
Specifically, this bit covers bits 0-11 of 
both EC-mode and BC-mode PSWs, and also 
bits 16, 17, and 24-39 of the EC-mode PSW. 








PSW Program-Mask and Condi ti on-Code 
Validity 
Bit 22 (PM), when one, indicates that the 


program mask and condition code of the 
machine-check old PSW are correct. 


ee ee ee ee ee a ee ee ee ee 


Bit 23 (IA), when one, indicates that the 
instruction address (bits 40-63) of the 
machine-check old PSW is correct. 


Programming Note 


When a machine check occursS which stores a 
BC- node PSW, the contents of the 
interruption code and TL in the 
machine-check old PSW are unpredictable, 
and no PSW-validity bit covers these bits. 
The four PSW-validity bits cover all 64 
bits of the EC-mode PSW. 


= — oe ee ee Se 


Bit 24 (FA), when one, indicates that a 
correct failing-storage address has been 
placed at location 248 after a _ storage 


error uncorrected or storage-key error 
uncorrected or storage error corrected. 
The presence and extent of the capability 
to identify the failing storage location 
depend on the model. When no such errors 
are reported, that is, bits 16-18 of the 
machine-check-interruption code are zeros, 
the failing-storage address is meaningless, 
even though it may be indicated as valid. 


Reqion-Code Validity 


Bit 25 (RC), when one, indicates that a 
correct region code has been stored. The 
presence of the region code depends on the 
model. When a model does not provide a 
region code, bit 25 is set to zero. 


External-Damage-Code Validity 





Bit 26 (EC), when one, indicates that a 
valid external-damage code has been stored, 
provided that bit 5, external damage, is 
also one. When bit 5 is zero, bit 26 has 
no meaning. 


Floating-Point-Reqister Validity 


Bit 27 (FP), when one, indicates that the 
contents of the floating-point-register 
Save area at locations 352-383 reflect the 


correct state of the floating-point 
registers at the point of interruption. 
When the floating-point feature is not 


installed, this bit is set to zero. 


aD a ene a ee 


Bit 28 (GR), when one, indicates that the 
contents of the general-register save area 
at locations 384-447 reflect the correct 
state of the general registers at the point 
of interruption. 


Bit 29 (CR), when one, indicates that the 
contents of the control-register save area 
at locations 448-511 reflect the correct 
State of the control registers at the point 
of interruption. 


Logout Validity 


Bit 30 (LG), when one, indicates that the 
machine-check extended-logout information 
was correctly stored. When a model does 
not provide extended-logout information, 
bit 30 is set to zero. 


Storage Logical Validity 





that the 
which 
being 
information 


Bit 31 (ST), when one, indicates 
storage locations, the contents of 
are modified by the instructions 
executed, contain the correct 
relative to the point of interruption. 
That is, all stores before the point of 
interruption are completed, and all stores, 
if any, after the point of interruption are 
suppressed. When a store before the point 
of interruption is suppressed because of an 
invalid CBC, the storage-logical-validity 
bit may be indicated as one, provided that 
the invalid CBC has been preserved as 
invalid. 


When instruction-processing damage, without 
the backed-up condition, is indicated, the 
Storage logical validity has no meaning. 


reflects only the 
activity and does 


Storage logical validity 
instruction- processing 

not reflect errors in the state of storage 
as the result of interval-timer update or 
I/O operations, or of the storing of the 
old PSW and other interruption information. 


CPU-Timer Validity 


ee em eee 


Bit 46 
CPU timer is 


(CT), when one, indicates that the 
not in error and that the 
contents of the CPU-timer save area at 
location 216 reflect the correct state of 
the CPU timer at the time the interruption 
occurred. When the CPU timer is not 
installed, bit 46 is set to zero. 


that the 
and that 
clock-comparator save 

reflect the correct 
comparator. When the 
bit 47 


Bit 47 (CC), when one, indicates 
clock comparator is not in error 
the contents of the 
area at location 224 
state of the clock 
clock comparator is not installed, 
is set to zero. 
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Programming Note 


The validity bits must be used in addition 
to the subclass bits and the backed-up bit 
in order to determine the extent of the 
damage caused by a machine-check condition. 
No damage has occurred to the system when 
the following are true: 


e The four PSW validity bits, the three 
register validity bits, the two 
timing-facility-validity bits, and the 
storage-logical-validity bit must all 
be ones. 


° The damage-subclass bits 0, 3, 4, and 
5 must be zeros. 


e The instruction-processing-damage bit 


must be zero or, if one, the backed-up 
bit must also be one. 


Machine-Check Extended-Logout Length 





Bits 48-63 of the machine—check- 
interruption code contain a 16-bit binary 
value indicating the length in bytes of the 
information most recently stored in the 
extended-logout area, starting at the 
location designated by the machine-check 
extended-logout address in control register 
15. When no extended logout has occurred, 
this field is set to zero. 


Programming Note 


When asynchronous machine-check extended 
logouts are permitted (control register 14, 
bit 8, is one}, more than one extended 
logout may have occurred. The length 
stored on interruption does not necessarily 


indicate the longest logout which has 
occurred. 
MACHINE-CHECK EXTENDED NTERRUPTION 


INFORMATION 


AS part of the machine-check interruption, 


in some cases, extended interruption 
information is placed in fixed areas 
assigned in storage. The contents of 


registers associated with the CPU are 
placed in register-Save areas. For 
external damage, additional information is 
provided for some models by storing an 
external-damage code. When storage error 
uncorrected, storage error corrected, or 
storage-key error uncorrected is indicated, 
the failing-storage address is saved. Some 
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models store a region code to show the 


location of the error. 


Each of these fields has associated with it 
a validity bit in the machine-check- 
interruption code. If, for any reason, the 
machine cannot store the proper information 
in the field, the associated validity bit 
is set to zero. 


REGISTER-SAVE AREAS 


As part of the machine-check interruption, 
the current contents of the CPU registers, 


except for the TOD clock, are stored in 
five register-save areas assigned in 
storage. Each of these areas has 


associated with it a validity bit in the 
machine-check-interruption code. If, for 
any reason, the machine cannot store the 
proper information in the field, the 
associated validity bit is set to zero. 


The following are the five sets of 
registers and the locations in storage 
where their contents are saved during a 
machine-check interruption. 


Locations Registers 
216-223 CPU timer 
224—231 Clock comparator 
352-383 Floating—point registers 
0, 2% a, 6 
384-447 General registers 0-15 
44u8s—511 Control registers 0—15 
When the CPU-timer and clock-comparator 


feature or the floating-point feature is 
not installed, the corresponding locations 
remain unchanged. The information stored 
for unassigned or uninstalled control- 
register positions is unpredictable. 


EXTERNAL-DAMAGE CODE 


The word at 
external-damage 
implemented and 
describes the 
The field is 


location 244 is the 
code. This field, when 
indicated as valid, 
cause of external damage. 
valid only when bit “5, 


external damage, and bit 26, 
external-damage validity are both ones. 
The code provides the following 
information. 

External Secondary Report: Bit 2, when 


one, indicates that the machine-check 
interruption has’ been reported for an 
external error for which the primary 
indication of the error has been or will be 
made by means of some other report. The 


primary indication may be an I/O-error 


condition, an indication to the operator, 
another machine-check interruption, or even 
another bit in the same machine-check 


interruption. 

The external secondary report has three 
Main purposes. First, it is used to 
present the failing-storage address 
associated with storage errors detected 
during channel accesses to. storage. In 


this case, the failing-storage address and 
storage-error-uncorrected, storage-error- 
corrected, or storage-key-error-uncorrected 
indication are used to identify the cause 
of failure and the associated location. 


Second, the external secondary report is 
used to present model-dependent logout 
information for an error associated with a 
channel that is physically integrated with 
the CPU. The machine-check indication in 
this case is provided so that channels 
integrated with the CPU can use the normal 
CPU logout mechanism for presenting the 
model-dependent logout information. 


For these two purposes, the 
indication is normally by 
I/O-error condition. These 
conditions presented as channel-control 
check, channel-data check, and interface- 
control check. External secondary reports 
due to I/70 and channel errors (1) may be 
presented to any or all cPUs in the 
configuration, (2) are not necessarily 
presented to the CPU to which the channel 
is connected, and (3) when channel-set 
switching is installed, may be presented 
even when the channel set is disconnected. 
In some models, external secondary reports 
due to I/70 and channel errors nay be 
broadcast to all CPUs in the configuration. 


primary error 
means of an 
errors include 


The third use of 
is to provide a 


external secondary report 
mechanism for presenting 
logout information associated with errors 
detected by other external devices or 
during operator-initiated operations. The 
primary indication in this case is normally 
by means of the external device or by an 
indication to the operator. 


Channel Not Operational: Bit 
indicates that one or more channels in the 
configuration have entered the 
not-operational state without performing an 
I/O system reset on the I/O interface. 
This situation occurs when these channels 
have detected an error of such severity 
that channel operations cannot’ continue. 
In systems with channel-set switching, 
channel-not-operational conditions are 
reported to all CPUs in the configuration 
even when the channel set is disconnected. 
Only those state changes inthe channel 
which would be seen if the channel set were 
connected to a CPU are considered for 
purposes of this interruption. The 
channel-not-operational condition is 


3, when one, 


reported only on systems in which all 
channels have implemented the CLEAR CHANNEL 
(CLRCH) instruction. 


Channel-Control Failure: Bit 4, when one, 
indicates that one or more channels in the 
configuration have entered the 
not-operational state and may or may not 
have performed antI/O system reset on the 
I/O interface. This situation occurs when 
the channels have lost power or detected an 


error of such severity that channel 
operations cannot continue. In systems 
with channel-set switching, channel- 


control-failure conditions are reported to 
all cPUs in the configuration, even when 
the channel set is disconnected. The 
channel-control-failure condition is 
reported only on systems in which all 
channels have implemented the CLEAR CHANNEL 
(CLRCH) instruction. 


When the machine can determine that all 
affected channels actually entered the 
not-operational state without performing 
I/O system reset on the I/O interface, the 
channel-not-operational condition is 
indicated rather than channel-control 
failure. 


I/O-Instruction Timeout: Bit 5, when one, 
indicates that the execution time of an I/0 





instruction has exceeded the la ximum 
allowed by the CPU. The I/O instruction 
has been completed by setting condition 


code 3. When the CPU is enabled for 
external-damage machine-check conditions at 
the tine the timeout occurs, the 
instruction address stored in the 
machine-check old PSW (if indicated as 
valid) points to the instruction following 
the I/0 instruction. In this case, the 
address of the failing I/0 instruction (or 
of the EXECUTE) can be obtained by 
subtracting 4 from the instruction address. 
Timeout of an I/O instruction is reported 
by means of bit 5 only when the CPU can 
ensure that the channel has not issued an 
I/O system reset on the I/0 interface. 
Depending on the channel and the timeout 
condition, the channel may or may not be 
operational. The I/0O-instruction-timeout 
condition is reported only on systems in 
which all channels have implemented the 
CLEAR CHANNEL (CLRCH) instruction. 


iI/O-Interruption Timeout: Bit 6, when one, 
indicates that the channel portion of an 
I/O interruption has exceeded the time 
limit established by the CPU and that the 
CPU has canceled the interruption. The 
I/O-interruption condition may or may not 
have been lost, and information may or may 
not have been stored at the locations of 
the old PSW, CSW, and other areas 
associated with antI/O interruption. The 
I/O interruption was not taken; that is, 
sequential instruction processing continued 
without loading the I/O new PSW. Timeout 
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of an I/O interruption is reported by means 
of bit 6 only when the CPU can ensure that 
the channel has not issued an I/O systen 
reset on the I/O interface. Depending on 
the channel and the timeout condition, the 
channel may or may not be operational. The 
I/O-interruption-tineout condition is 
reported only on systems in which all 
channels have implemented the CLEAR CHANNEL 
(CLRCH) instruction. 


Reserved: Bits 0, 1, and 7-31 are reserved 
for future expansion and are always set to 
zeros. 


Programming Notes 


1. Bit 0 is reserved for future expansion 
and possible redefinition of the 
remaining bits in the external-damage 
code. Thus, the program should test 
bit 0 for a zero value before 
interpreting the other bits in the 
external-damage code. 


2. Bit 3 (channel not operational), bit 4 
(channel-control failure), and 
external damage with the external- 
damage code invalid, form a set of 
three errors of increasing severity. 
When a channel-not-operat ional or 
channel-control-failure condition is 
reported, the affected channels enter 


the not-operational state. Thus, if 
the program is aware of the addresses 
of all channels which have been 
operational in the system, then, by 


means of a TEST CHANNFL instruction to 


all channels in the system, the 
program can determine which channels 
have entered the not-operational 


state. Since the channel-not- 
operational and channel-control- 
failure conditions are reported to all 
CPUs in the configuration, all 
channels on all CPUS must be tested. 


When channel-set switching is 
installed, then all channels, 
including those not currently 


connected to any CPU, must be tested. 


Channel not operational is the least 
severe indication of the three. The 
affected channels can be determined as 
indicated above, and it is known in 


this case that I/O system reset has 
not been performed on the I/O 
interface. 


Channel-control failure is more severe 
than channel not operational in that 
I/o system reset may have been 
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performed on the I/O interface. 


External damage with the external- 
damage code invalid is the most severe 
indication of the three. All channels 
in the configuration may have’ been 
affected, andthe affected channels 
may or may not appear to be not 
operational to a TEST CHANNEL 
instruction. Damage which can be 
reported by means of this indication 
includes errors occurring during the 
execution of an I/O interruption. For 
example, this indication can be used 
to report that an I/O interruption 
occurred with incorrect I/O address, 
incorrect CSW, incorrect limited- 
channel-logout information, or 
channel-control failure. 


FAILING-STORAGE ADDRESS 


When storage error 
error corrected, or storage-key 
uncorrected is indicated in the machine- 
check-interruption code, the associated 
address, called the failing-storage 
address, is stored in bits 8-31 of the word 
at location 248. Bits 0-7 of that word are 
set to zeros. 


uncorrected, storage 


error 


In the case of storage errors, the 
failing-storage address may designate any 
byte within the checking block. For 
storage-key error uncorrected, the 


failing-storage address may designate any 
address within the 2,048-byte block of 
storage associated with the storage key 


error is 
location before 
failing-storage 


that is in error. When an 
detected in more than one 
the interruption, the 
address may designate any of the failing 
locations. The address’ stored is an 
absolute address; that is, the value stored 
is the address that is used to reference 
storage after dynamic address translation 
and prefixing have been applied. 


REGION CODE 


Depending on the model, a region code may 
be stored at the word at location 252. The 
region code may contain model-dependent 
information which more specifically defines 
the location of the error. For example, it 
may contain a model-dependent address of 
the unit causing an external damage or 
recovery report. 


FLOATING INTERRUPTION CONDITIONS 


An interruption which is made available to 
any CPU in a multiprocessing configuration 


is called a floating interruption 
condition. The first CPU that accepts the 
interruption clears the interruption 


condition, and it is no longer available to 
any other CPU in the configuration. 


A floating interruption is presented to the 
first CPU in the configuration which is 
enabled and can accept the interruption. A 
CPU cannot accept the interruption when it 
is in the check-stop state, has an invalid 
prefix, is performing an unending string of 
interruptions due to a PpSW-format error of 
the type that is recognized early, or is in 
the stopped state. However, a CPU with the 
rate control set to instruction step can 
accept the interruption when the start key 
is activated. 


Programming Note 


When a CPU enters the check-stop state ina 
multiprocessing configuration, the progran 
on another CPU can determine whether a 
floating interruption nay have been 
reported to the failing CPU and then lost. 
This can be accomplished if the 
interruption program places zeros in the 
storage locations containing old PSWs and 
interruption codes after the interruption 
has been accepted (or has been moved into 
another area for later processing). After 
a cCPU enters the check-stop state, the 
program in another CPU can inspect the 
old-PSW and interruption-code locations of 
the failing CPU. A nonzero value in an old 
PSW or interruption code indicates that the 


cPU has begun an interruption but the 
program did not complete the handling of 
at 


The acceptance of a floating interruption 
Should be interlocked in such a way as to 
minimize the possibility that the 
interruption is lost. The condition should 
not be cleared until after the interruption 
has progressed to the point that the old 
PSW and interruption code have been stored. 
Thus, if the CPU enters the check-stop 
State or a SIGNAL PROCESSOR reset order 


causes the CPU to be reset before the old 
PSW and interruption code are stored, the 
floating condition is either still pending 
and will cause an interruption to be made 
available to another CPU in the 
configuration, an indication of the 
interruption been placed in main 
storage. 


or 
has 


Floating 
Conditions 


Machine Check Interruption 


machine-check-interruption 
reset only by the manually 
through the operator 
facilities. When a machine check occurs 
which prohibits completion of a floating 
machine-check interruption, the 
interruption condition is no longer 
considered a floating interruption 
condition, and system damage is indicated. 


Floating 
conditions are 
initiated resets 


All machine-check interruptions are under 
control of the machine-check mask, PSW bit 
13%. In addition, some machine-check 
conditions are controlled by subclass masks 
in control register 14. 

The exigent machine-check conditions 
(system damage and instruction- processing 
damage) are controlled only by the 
machine-check mask, PSW bit 13. When PSW 
bit 13 is one, an exigent condition causes 
a machine-check interruption. When PSW bit 
13 is zero and the check-stop-control bit, 


bit 0 of control register 14, is one, the 
occurrence of an exigent machine-check 
condition causes the CPU to enter the 


check-stop state. When PSW bit 13 is zero 
and the check-stop-control bit is zero, the 
Machine may attempt to continue or may 
enter the check-stop state depending on the 
type of error. 


The repressible machine-check conditions 
are controlled both by the machine-check 
mask, PSW bit 13, and by four subclass-mask 
bits in control register 14. If PSW bit 13 
is one and one of the subclass-mask bits is 
one, the associated condition initiates a 
machine-check interruption. If a 
subclass-mask bit iS zero, the associated 
condition does not initiate an interruption 
but is held pending. However, when a 
machine-check interruption is initiated 
because of a condition for which the CPU is 
enabled, those conditions for which the CPU 
is not enabled may be presented along with 
the condition which initiates the 
interruption. All conditions presented are 
then cleared. 
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Control Register 14 


ot 
[Cc | | RDEW | 
[S| | MMMM | 
ee ee 


0 1 4 7 


Control register 14 contains mask bits that 
specify whether certain conditions can 
cause machine-check interruptions. With 
the exception of bit 0, which is provided 
on all models, each of the bits is 
necessarily provided only if the associated 
function is provided. 


Programming Note 


The program should avoid, whenever 
possible, operating with PSW bit 13, the 
machine-check mask, set to zero, Since any 
exigent machine-check condition which is 
recognized during this situation may cause 
the CPU to enter the check-stop state. In 
particular, the progran should avoid 
issuing I/0 instructions or allowing for 
I/O interruptions with PSW kit 13 a zero. 


Check-Stop Control 


Bit 0 (CS) of control register 14, controls 
the system action taken when an exigent 
Machine-check condition occurs under one of 
the following two conditions: 


disabled for 
(that is, 


1. When the CPU is 
machine-check interruptions 
PSW bit 13 is zero). 


2. When an exigent machine-check 
condition occurs during the process of 
storing the machine-check-interruption 
code, storing the machine-check old 
PSW, or fetching the machine-check new 


PSW during a machine-check 
interruption. 
If the check-stop control bit is one and 


either condition occurs, the machine enters 
the check-stop state; if the check-stop 
control bit is zero, the machine may 
attempt to continue or may enter the 
check-stop state, depending on the type of 
error and the model. The check-stop 
control bit is initialized to one. If 
damage occurs to control register 14, the 
check-stop control bit is assumed to be 
one. 
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Recovery-Report Mask 


Bit 4 (RM) of control register 14 controls 
system-recovery-interruption conditions. 
This bit is initialized to zero. 


Bit 5 (DM) of control register 14 controls 
degradation-interruption conditions. This 
bit is initialized to zero. 


Bit 6 (EM) of control register 14 controls 
timing-facility-damage, 
interval-timer-damage, and 
conditions. This bit is 
one. 


external-damage 
initialized to 


Warning Mask 





Bit 7 (WM) of control register 14 controls 
warning conditions. This bit is 
initialized to zero. 


Some models place 
information in main storage 
a machine check. This is 
machine-check logout. 


model-dependent 
as a result of 
referred to as a 
Machine-check 


logouts are of four different types: 
synchronous fixed logout, asynchronous 
fixed logout, synchronous machine-check 
extended logout, and asynchronous 


machine-check extended logout. ] 


information may, 
be placed in the 


Machine-check-logout 
depending on the model, 


machine-check extended-logout (MCEL) area. 
The starting location of the MCEL area is 
specified by the contents of control 


register 15. The existence and length of 
the MCEL are model-dependent. 


Some models may place machine-check-logout 
information in the fixed-logout area. This 
area is 96 bytes in length and starts at 
location 256. The fixed logout may be in 


addition to or instead of an extended 
logout. 
When a machine-check logout occurs during 


the machine-check interruption it is called 
a synchronous logout. If a machine-check 


logout occurs without a machine-c heck 
interruption, or if the logout and the 
interruption are separated by instruction 


processing or by CPU retry, then the logout 
is called an asynchronous logout. 


To preserve the initial machine-check 
conditions, some models perform an 
asynchronous logout before invoking CPU 
retry. Depending on the model, logout may 


occur before recovery, after 
at both times. If logout occurs at both 
times it may be into the Same portion or 
two different portions of the logout area. 


recovery, or 


LOGOUT CONTROLS 


Control register 14 contains bits which 


control when a logout may occur. 


Control Register 14 








tt tT 
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Synchronous Machine-Check Extended-Logout 
Control 


Bit 1 (SL) of control register 14 controls 
the logout action during a machine-check 
interruption. When this bit is one, the 
machine-check extended-logout area may be 
changed during the interruption; when this 
bit is zero, the area may be changed only 
under control of the asynchronous 
machine-check extended-logout-control bit, 
bit 8 of control register 14. This bit is 
initialized to one. 


Input/Output Extended-Logout Control 


Bit 2 (IL) of control register 14, when 
one, permits channel logout into the I/0 
extended-logout area as part of an I/0 
interruption. When this bit is zero, I/0 
extended logouts cannot occur. This bit is 
initialized to zero. 


Asynchronous Machine~Check 
Control 


Bit 8 (AL) of control register 14, in 


conjunction with PSW bit 13, controls 
asynchronous change of the machine-check 
extended-logout area. When this bit and 
PSW bit 13 are both ones, the machine may 
change the machine-check extended-logout 
area at any time; when this bit is zero, 
the area may be changed only under control 
of the synchronous) machine-check extended- 
logout-control bit, bit 1 of control 
register 14. This bit is initialized to 
zero. 


Asynchronous Fixed-Logout Control 


Bit 9 (FL) of control register 14, when 
one, permits the fixed-logout area to be 
changed at any time. When this bit is 


zero, the fixed-logout area may be changed 
only during a machine-check interruption or 
during an I/O interruption. This bit is 
initialized to zero. 


MACHINE-CHECK EXTENDED-LOGOUT ADDRESS 


MCEL Address | | 
>. Le TE ee 


0 8 29 31 


Bits 8-28 of control register 15, with 
three low-order zeros appended, specify the 
starting location of the machine-check 
extended-logout (MCEL) area. The contents 
of control register 15 are initialized by 
setting bit 22 to one and all other bits to 
zeros, which specifies a starting address 
of 512 (decimal). The MCEL address isa 
real address. 


When a model provides the machine-check 
extended logout (MCEL), control register 15 
is implemented. 


Programming Notes 


1. The availability and extent of the 
machine-check extended-logout area 
differs among models and, for any 
particular model, may depend on the 
features Or engineering changes 
installed. In order to provide for 
such variations, the program. should 


determine the extent of 
means of STORE CPU ID 


the logout by 
whenever a 


storage area for the extended logout 
is to be assigned. A length of zero 
in the MCEL field that results from 


executing STORE CPU ID indicates that 
no MCEL is provided. 
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information is 
obtained by setting both the 
synchronous and asynchronous 
machine-check extended-logout control 
bits to ones. Both of these bits must 
be zeros to prevent any changes to the 
machine-check extended-logout area. 


2. The maximum logout 


3. Use of the machine-check 
extended-logout area while 
asynchronous machine-check extended 
logout is allowed may produce 
unpredictable results. 

4. When the asynchronous fixed logout 


control bit is one, program use of the 
fixed logout area should be restricted 





programs reading into the fixed logout 
area may cause machine checks or 
undetected errors if the store occurs 
during CPU retry. Note that this is 
an exception to the rule 
programming errors do not 
machine-~check indications. 


SUMMARY OF 


MACHINE-CHE 


IB 
fe 4 
=] 
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machine-check masking and 
the figures “Machine- 
"Machi ne-Check- 
"Machine-Check 


A summary of 
logout is given in 
Check-Condition Masking," 
Logout Control,' and 


to the fetching of data from this Control-Register Bits." 
area. Store operations or channel 
iene ws io ST rr. | 
| | | Action When CPU | 
[ [ [ Disabled for | 
| | | Subclass and | 
[ | Sub- ¢—---——_7—_—_ -—_—___ 
| | Class |{Check—Stop|Check-—Stop| 
| Subclass | Mask [Ctrl = 0 |Ctrl = 1 | 
-——_——_——_ OB tS ee 
|System damage | — | p* |Check stop| 
|Instruction—processing damage | — | p* [Check stop| 
JInterval—timer damage | EM | P | P | 
|Timing—facility damage | EM | P | P [ 
{System recovery | RM | Y | Y | 
{External damage | =§EM | P | P | 
| Degradation { DM | P | P | 
| Warning | WM | P | P | 
——— Sa aa 
Explanation: 


Indication held pending. 


cannot be considered dependable. 


a 


Machine—Check—Condition Masking 
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p 
Y Indication may be held pending or may be discarded. 
* System integrity may have been lost, and the system 


ee 


J 





{i PSW¥ {| CR14 Bit 1| CR14 Bit 8| [ 
[Bit 13 (SL) | (AL) | MCEL Action | 
SSS SS SS SS 
| oO | X [ x {No MCEL | 
{ 1 | 0 [ 0 [No MCEL ( 
| 1 [ 1 [ 0 {MCEL may occur only during | 
| [ [ | machine—check interruption.! [ 
| 1 | 0 | 1 {MCEL may occur at any time.2 [ 
| 1 [ 1 | 1 (|MCEL may occur at any time. | 
ee eee 
| CR14 Bit 9| | 
[ (FL) { Fixed—Logout Action | 
= — 
( 0 |Fixed—logout area may be changed by the CPU [ 
[ Jonly during machine—check interruption.!} [ 
[ [ [ 
[ 1 |Fixed—logout area may be changed at any time. | 
Jp_ at 
Explanation: 
AL Asynchronous machine—check extended—logout control 
FL Asynchronous fixed—logout control 


MCEL Machine—check extended logout 


SL Synchronous machine—check extended—logout control 

x Indicates the same action occurs whether the bit is zero 
or one. 

1 Logout prior to instruction retry is not permissible in 


this state even though recovery reports are enabled. 


( 
| 
[ 
| 
| 
[ 
[ 
| 
| 
[ 
[ 
[ 
[ 
I 
| 
[ 
1 2 In some models, the asynchronous machine—check extended— 
| logout control (AL) is ignored, and no logout occurs in 
| this state. 


LL. 


Machine—Check—Logout Control 


a a aaa, | 
| | Control [State of Bit | 
| [Register 14 | on Initial | 
{ Bit Description {Bit Positionj CPU Reset | 
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The transfer of information to or from main 
storage, other than to or from the central 
processing unit or by means of the direct 
control path, is referred to as an input or 
output operation. An input/output § (1/0) 
operation involves the use of an I/0 
device. Input/foutput devices perform I/0 
operations under control of control units, 
which are attached to the central 
processing unit (CPU) by means of channels. 


of the publication describes 
the programmed control of I/0 devices by 
the channels and by the CPU. Formats are 
defined for the various types of I/0 
control information. The formats apply to 
all I/O operations and are independent of 
the type of I/0 device, its speed, and its 
mode of operation. 


This portion 


The formats described include provisions 
for functions unique to some I/O device 
types, such aS erasing a gap on a 


unit. The way in which a 
use of the format is defined 
(SL) publication for 


magnetic-tape 
device makes 
in the System Library 
the particular device. 


references for I/o 
references to absolute 

indicated otherwise, 
"storage" means absolute storage, and 
"address" means absolute address. The 
terms "I/O address," "channel address," and 
"device address" are never abbreviated to 
"address" in this publication. 


All main-storage 
Operations are 
storage. Unless 
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INPUT/OUTPUT DEVICES 


Input/foutput devices provide external 
Storage and a means of communication 
between data-processing systems or between 
a system and its environment. Input/output 
devices include such equipment as_ card 
readers, card punches, magnetic-tape units, 
direct-access-storage devices (disks and 
drums), display units, typewriter-ke yboard 
devices, printers, teleprocessing devices, 
and sensor-based equipment. 


Most types of I/0 
printers, card equipment, 


devices, such as 
or tape devices, 


deal directly with external media, and 
these devices are physically 
distinguishable and identifiable. Other 


types consist only of electronic equipment 
and do not directly handle physical 
recording media. The channel-to-channel 
adapter, for example, provides a 
channel-to-channel data-transfer path, and 
the data never reaches a physical recording 
medium outside main storage. Similarly, a 
transmission-control unit handles 
transmission of information between the 
data-processing system and a remote 
station, and its input and output are 
signals ona transmission line. An I/0 


device nay be 
equipment, or it may 
with other I/0 devices. 


physically distinct 
time-share equipment 


An input/output device ordinarily is 
attached to one control unit and is 
accessible from one channel. Switching 


equipment is available to make some devices 
accessible to two or more channels by 
Switching devices between control units and 
control units between channels. The time 
required for switching occurs during 
device-selection time and may be ignored. 


CONTROL UNITS 


A control unit 
capabilities 


provides the logical 
necessary to operate and 
control an I/0 device and adapts the 
characteristics of each device to the 
standard form of control provided by the 
channel. 


The control unit accepts control 
from the channel, controls the timing of 
data transfer, and provides indications 
concerning the status of the device. 


Signals 


The 1/0 device attached to the control unit 
may be designed to perform only certain 
limited operations, or it may perform many 
different operations. A typical operation 
is noving the recording medium and 
recording data. To accomplish these 
functions, the device needs detailed signal 
sequences peculiar to the type of device. 
The control unit decodes the commands 
received from the channel, interprets then 
for the articular type of device, and 
provides the signal sequence required for 
execution of the operation. 


A control unit may be housed separately, or 
it may be physically and logically integral 
with the I/0 device or the CPU. In most 
electromechanical devices, a well-defined 
interface exists between the device and the 
control unit because of the difference in 
the type of equipment the control unit and 
the device contain. These electro- 
mechanical devices often are of a type 
where only one device of a group attached 
to a control unit is required to operate at 
a time (magnetic-tape units or disk-access 
mechanisms, for example), and the control 
unit is shared among a number of I/0 
devices. On the other hand, in some 
electronic I/O devices such as the channel- 
to-channel adapter, the control unit does 
not have an identity of its own. 


From the programmer's point of view, most 
functions performed by the control unit can 
be merged with those performed by the I/0 
device. Therefore, this publication 
normally does not make specific mention of 


the control unit function; the execution of 
I/O operations is described as if the I/0 
devices communicated directly with the 
channel. Reference is made to the control 
unit only when emphasizing a function 
performed by it or when describing how 
sharing of the control unit among a number 
of devices affects the execution of I/0 
operations. 


CHANNELS 


A channel directs the flow of information 
between I/O devices and main storage. It 
relieves the CPU of the task of 
communicating directly with the devices and 
permits data processing to proceed 
concurrently with I/O operations. 


A channel provides a means for connecting 


different types of I/O devices to the CPU 
and to storage. The channel accepts 
control information from the CPU in the 


format supplied by the program and changes 
it into a sequence of signals acceptable to 
a control unit and device. Similarly, when 
an I/O device provides signals that should 
be brought to the attention of the progran, 
the channel transforms the signals’ to 
information that can be used in the CPU. 


A channel contains facilities for the 
control of I/o operations. During 
execution of antI/O operation involving 


data transfer, the channel assembles or 
disassembles data and synchronizes’ the 
transfer of data bytes with storage cycles. 
To accomplish this, the channel maintains 
and updates an address and acount that 
describe the destination or source of data 
in storage. When the channel facilities 
are provided in the form of separate 
autonomous equipment designed specifically 
to control I/O devices, I/0 operations are 
completely overlapped with the activity in 
the CPU. The only storage cycles required 
during I/O operations in such channels are 
those needed to transfer data and control 
information to or from the final locations 
in storage. These cycles do not interfere 
with the CPU program, except when both the 
CPU and the channel concurrently attempt to 
refer to the same storage area. 


If separate equipment is not provided, 
facilities of the CPU are used for 
controlling I/O devices. When the CPU and 
channels, or the CPU, channels, and control 
units, share common facilities, Ifo 
operations cause interference to the CPU, 
varying in intensity from occasional delay 
of a CPU cycle to a complete lockout of CPU 
activity. The intensity depends on _ the 
extent of sharing and on the I/O data rate. 
The sharing of the facilities, however, is 
accomplished automatically, and the program 


Chapter 12. Input/Output Operations 12-3 


is not affected by CPU delays, 
an increase in execution time. 


except for 


Modes of Operation 


An I/0 
modes: 


operation occurs in one of two 
burst or byte-multiplex. 


In burst mode, the I/O device monopolizes 
the channel and stays logically connected 
to the channel for the transfer of a burst 
of information. No other device can 
communicate with the channel during the 
time a burst is transferred. The burst can 
consist of a few bytes, a whole block of 
data, a sequence of blocks with associated 
control and status information (the block 
lengths may be zero), or status information 
which monopolizes the channel. The 
facilities in a channel capable of 
operating in burst mode may be shared by a 
number of concurrently operating I/O 
devices. 


can tolerate anabsence of 
during a burst-node 
as occurs when reading a 


Some channels 
data transfer 
operation, such 


long gap on maqnetic tape, for not’ more 
than approximately 1/2 minute. Equipment 
malfunction may be indicated when an 


absence of data transfer exceeds this time. 


mode, the I/0 device 
to the channel 


In byte-mnultiplex 
stays logically connected 
only for a short interval of time. The 
facilities in a channel capable of 
operating in byte-multiplex mode may be 
shared by a number of concurrently 
operating I/O devices. In this’ mode, all 
I/O operations are split into short 
intervals of time during which only a 
segnent of information is transferred. 
During such an interval, only one device is 


logically connected to the channel. The 
intervals associated with the concurrent 
operation of multiple I/O devices are 
sequenced in response to demands from the 


devices. The channel controls are occupied 
with any one operation only for the time 
required to transfer a segment of 
information. The segment can consist of a 
single byte of data, a few bytes of data, a 
status report from the device, or a control 
sequence used for initiation of a new 
operation. 


Operation in burst and byte-multiplex modes 
is differentiated because of the way the 


channels respond to I/0 instructions. A 
channel operating a device inthe burst 
mode appears busy to new I/O instructions, 
whereas a channel operating one or more 


devices in the byte-multiplex mode is 
capable of initiating an operation on 
another device. If a channel that can 
operate in either mode is communicating 


12-4 System/370 Principles of Operation 





with an I/0 device at the instant a new 1/0 
instruction is issued, action on the 
instruction is delayed by the channel until 
the current mode of operation is 
established. Furthermore, the new I/0 
Operation is initiated only after the 
channel has serviced all outstanding 
requests from devices previously placed in 
operation. 


between a short burst of 
data occurring inthe byte-multiplex mode 
and an operation in the burst mode is in 
the length of the bursts of data. A 


The distinction 


channel that can operate in either mode 
determines its mode of operation by 
timeout. Whenever the burst causes’ the 


channel for 
microseconds, 
be operating 


be connected to the 
more than approximately 100 
the channel is considered to 
in the burst mode. 


device to 


Ordinarily, devices with a high 
data-transfer rate operate with the channel 


in burst mode, and slower devices) run in 
byte-multiplex mode. Some control units 
have a manual switch for setting the node 


of operation. 


A system can be equipped with three types 
of channels: selector, byte multiplexer, 
and block multiplexer. 


The channel facilities required for 
sustaining a_ single I/O operation are 
termed a subchannel. The subchannel 
consists of internal storage used for 


recording the addresses, count, and any 
status and control information associated 
with the I/O operation. The capability of 
a channel to permit multiplexing depends 


upon whether it has more than one 
subchannel. 
A selector channel, which contains a 


minimum of facilities, has one subchannel 
and always forces the I/0 device to 
transfer data in the burst mode. The burst 
extends over the whole block of data, or, 
when command chaining is specified, over 
the whole sequence of blocks. A selector 
channel cannot perform any multiplexing and 
therefore can be involved in only one I/0 
operation or chain of operations at a time. 
In the meantime, other I/O devices attached 
to the channel can be executing previously 


initiated operations that do not involve 
communication with the channel, such as 
backspacing tape. When the selector 


an operation or a 
not processing 
the attached 


channel is not executing 
chain of operations and is 

an interruption, it monitors 
devices for status information. 


A byte-multiplexer channel contains 
multiple subchannels and can operate at any 
one time in either byte-multiplex or burst 
mode. The channel operates most 
efficiently when running I/O devices that 
are designed to operate in byte-multiplex 
mode. The mode of operation is determined 
by the I/O device, and, during data 
transfer, the mode can change at any time. 
Unless data transfer is occurring, the mode 
of operation has no meaning. The data 
transfer associated with an operation can 
occur partially in the byte-multiplex mode 
and partially in the burst mode. 


A block-multiplexer channel contains 
multiple subchannels and can only operate 
in burst mode. The channel operates most 
efficiently when running devices that are 
designed to operate in burst mode. When 
multiplexing is not inhibited, the channel 
permits multiplexing between bursts, 
between blocks when command chaining is 
specified, or when command retry is 
performed. On most models, the burst is 


forced to extend over the block of data, 
and multiplexing occurs between blocks of 
data when command chaining is’ specified. 


Whether or not multiplexing occurs depends 
on the design of the channel and I/O device 
and on the state of the 
block-multiplexing-control bit. 


When the block-multiplexing-control bit, 
bit 0 of control register 0, iS zero, 
multiplexing is inhibited; when it is one, 
multiplexing is allowed. 


Whether a block-multiplexer channel 
executes an I/O operation with multiplexing 
inhibited or allowed is determined by the 
state of the block-multiplexing-control bit 
at the time the operation is initiated by 
START I/0 or START I/O FAST RELEASE and 
applies to that operation until the 
involved subchannel becomes available. 


For brevity, the term "multiplexer channel" 


is used hereafter when describing a 
function or facility that is common to both 
the byte-multiplexer and the 


block-multiplexer channel. Multiplexer 
channels vary in the number of subchannels 
they contain. When multiplexing, they can 
sustain concurrently one I/O operation per 
subchannel, provided that the total load on 
the channel does not exceed its capacity. 
Each subchannel appears to the program as 
an independent selector channel, except in 
those aspects of communication that pertain 


to the physical channel (for example, 
individual subchannels on a multiplexer 
channel are not distinguished as such by 
the TEST CHANNEL instruction or by the 


masks controlling I/O interruptions fron 
the channel). When a multiplexer channel 
is not servicing an I/O device, it monitors 
its devices for data and for status 
information. 


Subchannels on a multiplexer channel may be 
either nonshared or shared. 


A subchannel is referred to as nonshared if 
it is associated with and can be used only 
by a single I/0 device. A nonshared 
subchannel is used with devices that do not 
have any restrictions on the concurrency of 
channel-program operations, such as a 
single drive of an IBM 3330 Disk Storage. 

A subchannel is referred to as_ shared if 
data transfer to or from a set of devices 
implies the use of the same subchannel. 
Only one device associated with a shared 
subchannel may be involved in data 
transmission at a time. Shared subchannels 
are used with devices, such as 
magnetic-tape units or some disk-access 
mechanisms, that share a control unit. For 
such devices, the sharing of the subchannel 
does not restrict the concurrency of I/0 
operations Since the control unit permits 
only one device to be involved in a 
data-transfer operation ata time. I/O 
devices may share a control unit without 
necessarily sharing a subchannel. For 
example, each transmission line attached to 


the IBM 2702 Transmission Control is 
assigned a nonshared subchannel, although 
all of the transmission lines share the 


common control unit. 


Programming Notes 


be made to 
channel by _ the 
block- 
However, since a 

inherently can 


A block-multiplexer channel can 
operate as ae selector 
appropriate setting of the 
multiplexing-control bit. 
block-multiplexer channel 
interleave the execution of multiple I/0 
operations and since the state of the 
block-multiplexing-control bit can be 
changed at any time, it is possible to have 
one or more operations that permit 
multiplexing and an operation that inhibits 
multiplexing being executed simultaneously 
by a channel. 


Therefore, to ensure complete compatibility 
with selector channel operation, all 
operational subchannels on the 
block-multiplexer channel must be available 
or operating with multiplexing inhibited 
when the use of that channel as a selector 
channel is begun. All sub se quent 
operations should then be initiated with 
the block-nultiplexing-control bit 
inhibiting multiplexing. 
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I/O-SYSTEM OPERATION 


Input/foutput operations are initiated and 
controlled by information with two types of 
formats: instructions and channel-command 
words (CCWs). ctions are decoded by 
the CPU and are part of the CPU progran. 
CCWs are decoded and executed by the 
channels and I/0 devices and initiate I/0 
operations, such as reading and writing. 
One or more CCWs arranged for sequential 
execution form a channel program. Both 
instructions and cCCWs are fetched fron 
storage. The formats of CCWsS are common 
for all types of I/0 devices, although the 
modifier bits in the command code of a CCW 
may specify device-dependent operations. 


The CPU program initiates I/C operations 
with the instruction START I/O or START I/O 
FAST RELEASE. These instructions identify 
the channel andthe I/0 device and cause 
the channel to fetch the channel-address 
word (CAW) from ae fixed location in 
storage. The CAW contains the subchannel 
key and designates the location in storage 
from which the channel subsequently fetches 
the first CCW. The CCW specifies the 
command to be executed and the _ storage 
area, if any, to be used. 


is executed and the 

and subchannel are 
channel attempts to select 
the I/O device and sends the command-code 
part of the CCW to the control unit. The 
device responds indicating whether it can 
execute the command. 


When START I/O 
addressed channel 
available, the 


At this time, the execution of START I/O. 
is completed. The results of the attempt 
to initiate the execution of the command 
are indicated by setting the condition code 
in the PSW and, in certain situations, by 
storing pertinent information in the 


channel-status word (CSW). 


When START 1/70 FAST RELEASE is’ executed, 
the functions performed during the 
execution of the instruction depend on the 
design of the channel. Some channels 
perform the same functions as for START 
I/O; other channels release the CPU (that 
is, complete the execution of the 
instruction) before the I/O operation has 
been initiated at the addressed device. 
Channels are permitted to release the CPU 
as early as when the CAW has been fetched. 
Channels designed to release the CPU before 
the I/O operation is initiated at the I/0 
device perform the functions associated 
with I/0 operation initiation logically 
subsequent and asynchronous to the 
execution of START I/O FAST RELEASE. When 
the CPU is released, the results of the 
execution of the instruction to that point 


12-6 System/370 Principles of Operation 





are indicated by setting the condition code 
in the PSW and, in certain situations, by 
storing pertinent information in the CSW. 


If the I/0 
I/O device 
transfer of 
to respond 


is initiated at the 

execution involves 
data, the subchannel is set up 
to service requests from the 
device and assumes further control of the 
operation. In operations that do not 
require any data to be transferred to or 
from the device, the device may signal the 
end of the operation immediately on receipt 
of the command code. 


operation 
and its 


An I/O operation may involve transfer of 
data to one storage area, designated bya 
Single CCW, or to a number of noncontiguous 


storage areas. In the latter case, 
generally a list of cCCWs is used for 
execution of the I/O operation, each CCW 


designating a contiguous 
the CCWS are said to be coupled by data 
chaining. Data chaining is specified by a 
flag in the CCW and causes the channel to 
fetch another CCW upon the exhaustion or 
filling of the storage area designated by 
the current CCW. The storage area 
designated by a CCW fetched on data 
chaining pertains to the I/0 operation 
already in progress at the I/O device, and 
the I/O device is not notified when a new 
CcW is fetched. 


storage area, and 


Provision is made in the CCW format for the 
programmer to specify that, when the CCW is 
decoded, the channel request an I/O 
interruption aS soon aS_- possible, thereby 
notifying the CPU program that chaining has 
progressed at least as far as that CCW. 


To complement the dynamic-address- 
translation facility available in the CPU, 
channel indirect data addressing is 
available. A flag in the CCW’ specifies 
that an indirect-data-address list is to be 
used to designate the storage areas for 
that CCW. Each time the boundary of a 
2,048-byte block of storage is reached, the 
list is referenced to determine the next 
block of storage to be used. By extending 
the storage-addressing capabilities of the 
channel, channel indirect data addressing 
permits essentially the same CCW sequences 
to be used for a program running with 
dynamic address translation in the CPU that 
would be used if it were operating with 
equivalent contiguous real storage. 


The conclusion of an I/O operation normally 
is indicated by channel end and device end. 
When channel end is’ presented, it means 
that the I/O device has received or 
provided all data associated with the 
operation and no longer needs’ channel 
facilities. When device end is presented, 
it usually means that the I/O device has 
concluded execution of the I/0 operation. 
On some I/O devices, for reasons of 


C l 


performance, device end is presented before 
the I/0 operation has been concluded. 
Device end can occur concurrently with 
channel end or later. 


Operations that keep the 
after releasing channel 
some situations, cause a 
called control-unit end. 


control unit busy 
facilities may, in 
third indication 
Control-unit end 


May occur only concurrently with or after 
channel end. 

Concurrent with channel end, both the 
channel and the I/O device can provide 
indications of unusual Situations. 
Control-unit end and device end can be 
accompanied by error indications from the 


I/O device. 


The indication of the conclusion of an I/0 
operation can be brought to the attention 


of the program by an I/O interruption or, 
when the CPU is disabled for I/O 
interruptions fron the channel, by 


programmed interrogation of the I/O device. 
An indication that will result in an I/0 
interruption ofr that can be observed 
through interrogation is called an 
interruption condition. In either case, a 
CSW is stored, which contains additional 
information concerning the execution of the 
operation. When channel end is indicated 
in the CSW and no equipment malfunctions 
have been detected, the CSW identifies the 
last CCW used and provides its residual 
byte count, thus indicating the extent of 
storage used. 


Facilities are provided for the program to 
initiate the execution of a chain of I/0 
operations with a single START I/O or START 
I/O FAST RELEASE. When the chaining flags 
in the current CCW specify command chaining 
and no unusual conditions have been 
detected in the operation, the receipt of 
the device-end signal causes the channel to 
fetch a new CCW and to initiate execution 


of a new command at the device. Execution 
of the new command is initiated by the 
channel in the same way as the previous 


device end are 
when command 
of another I/0 
initiated. However, 
can cause premature 
command chaining and 
an I/O-interruption 


operation. Channel end and 
not presented to the program 
chaining causes execution 
operation to be 
unusual situations 
termination of 
generation of 
condition. 


Activities that generate 
conditions are asynchronous 


T/oO-interruption 
to activity in 


the CPU, and more than one I/O-interruption 
condition can exist at the same time. The 
channel and the CPU establish priority 
among the conditions so that only one 
condition is presented to the CPU at a 
time. 


The execution of an I/O operation or chain 


of I/0 operations involves four 


levels of participation: 


up to 


the effects caused by the 
integration of CPU and channel 
equipment, the CPU is busy for the 
duration of execution of START I/O or 
START I/O FAST RELEASE, which lasts at 
most until the addressed I/O device 
responds to the first command. 


1. Except for 


2. The subchannel is busy With the 
execution from the time condition code 


0 is set for the START I/O or START 
I/O FAST RELEASE until the CPU has 
accepted the I/o interruption 
Signaling that the I/O operation, or 
if a chain of I/O operations, the last 
operation, has completed at the 
subchannel. 


3. The control unit may remain busy after 
the execution has completed at the 
subchannel and nay generate 
control-unit end when it becomes free. 


4. The I/0 device is busy from the 
initiation of the first operation at 
the I/O device until the interruption 
condition caused by the device end 
associated with the operation is 
cleared from the I/0 device. 


An interruption condition caused by device 
end blocks the initiation of an I/0 
operation with the I/O device, but normally 
does not affect the state of any other part 
of the system. An interruption condition 
caused by control-unit end may block 
communications through the control unit to 
any device attached to it, and an 
interruption condition caused by channel 
end normally blocks all communications 
through the subchannel. 


COMPATIBILITY OF OPERATION 


The organization of the I/O system provides 
for a uniform method of controlling I/0 
operations. The capability of a channel, 
however, depends on its use and on the CPU 
model to which it is attached. Channels 
are provided with different data-transfer 
capabilities, and an I/O device designed to 
transfer data only at a specific rate (a 
magnetic-tape unit ora disk storage, for 
example) can operate only on a channel that 
can accommodate at least this data rate. 


channel can accommodate 
depends also on the way the I/O operation 
is programmed. The channel can sustain its 
highest data rate when no data chaining is 
specified. Data chaining reduces the 
Maximum allowable rate; and the extent of 
the reduction depends on the frequency at 


The data rate a 
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which new CCWs are fetched and on the 
address resolution of the first byte in 
each new storage area. Furthermore, since 
a channel shares storage with the CPU and 
other channels, activity in the rest of the 
system affects the accessibility of storage 
and, hence, the instantaneous load the 
channel can sustain. 


In view of the dependence of channel 
capacity on programming and on activity in 
the rest of the system, an evaluation of 
the ability of elements in a specific I/0 
configuration to function concurrently must 
be based on a consideration of both the 


data rate andthe way the I/0 operations 
are programmed. Two systems differing in 
performance but employing identical 


complements of I/0 devices may be able to 
execute certain programs in common, but it 
is possible that other programs requiring, 
for example, data chaining, may not run on 
one of the systems because of the increased 


load caused by the data chaining. 


CONTROL OF INPUT/OUTPUT DEVICE 


— —— HAE ES 


The CPU controls I/O operations by means of 
Nine I/O instructions: CLEAR CHANNEL, 
CLEAR I/O, HALT DEVICE, HALT I/O, START 
I/O, START I/O FAST RELEASE, STORE CHANNEL 
ID, TEST CHANNEL, and TEST I/0. 


The instructions TEST CHANNEL, CLEAR 
CHANNEL, and STORE CHANNEL ID address a 
channel; they do not address an I/O device. 
The other six I/O instructions address a 
channel and a device on that channel. 


INPUT/OUTPUT DEVICE ADDRESSING 


An I/0 device and the associated access 
path are designated by an I/O address. The 
16-bit I/O address consists of two parts: 
a channel address in the leftmost eight bit 
positions and a device address in the 
rightmost eight bit positions. 


The channel address 
identifying up to 256 


provides for 
channels. Channels 


are numbered 0-255. Channel 0 is a 
byte-multiplexer channel, and each of 
channels 1-255 may be a byte-multiplexer, 


block-mnultiplexer, or selector channel. 
The number and type of channels and 
subchannels available, as well as their 
address assignment, depend on the _ systen 
model and the particular installation. 


The device address identifies the 
particular I/O device and control unit on 
the designated channel. The address 
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identifies, for example, a particular 
magnetic-tape drive, disk-access mechanisn, 
or transmission line. Any number in the 


Tange 0-255 can be used as a device 
address, providing facilities for 
addressing up to 256 devices’ per channel. 
An exception is some multiplexer channels 


that provide fewer than the maximum 
configuration of subchannels and hence do 
no permit use of the corresponding 


unasSsSignable device addresses. 


Devices that do not share a_ control unit 
with other devices may be assiqned any 
device address in the range 0-255, provided 
the address is not recognized by any other 
control unit. Logically, such devices are 
not distinguishable fron their control 
unit, and both are identified by the same 
address. 


Devices 
example, 
disk-access 
addresses 


sharing a control unit (for 

magnetic-tape drives Or 

mechanisms) are assigned 
within sets of contiguous 
numbers. The size of such a set is equal 
to the maximum number of devices that can 
share the control unit, or 16, whichever is 
smaller. Furthermore, such a set’ starts 
with an address in which the number of 
low-order zeros is at least equal to the 
number of bit positions required for 
specifying the set size. The high-order 
bit positions of an address within such a 
set identify the control unit, and _ the 
low-order bit positions designate the 
device on the control unit. 


Control units designed to accommodate more 
than 16 devices ma y be assigned 
nonsequential sets of addresses, each set 
consisting of 16, or the number required to 
bring the total number of assigned 
addresses equal to the maximum number of 
devices attachable to the control unit, 
whichever is smaller. The addressing 
facilities are added in increments of a set 
so that the number of device addresses 
asSigned to a control unit does not exceed 
the number of devices attached by more than 
15. 


The control unit does 
address outside 


not respond to any 
its assigned set or Sets. 
For example, if a control unit is designed 
to control devices having only the values 
0000 to 1001 in the low-order bit positions 
of the device address, it does not 
recognize addresses containing 1010 to 1111 
in these bit positions. On the other hand, 
a control unit responds to all addresses in 
the assigned set, regardless of whether the 
device associated with the address is 
installed. If no control unit responds to 
an address, the I/O device appears not 
operational. If a control unit responds to 
an address’ for which no device is 
installed, the absent device appears in the 
not-ready state. 


Input/foutput devices 
more than one channel have a distinct 
address for each path of communications. 
This address identifies the channel and the 
control unit. For sets of devices 
connected to two or more control units, the 
portion of the address identifying the 
device on the control unit is fixed, and 
does not depend on the path of 
communications. 


accessible through 


The assignment of channel and device 
addresses is arbitrary, subject to the 
rules described and any model-dependent 
restrictions. The assignment is made at 
the time of installation, and the addresses 
normally remain fixed thereafter. 


STATES OF THE INPUT/OUTFUT SYSTEM 


The state of the I/O systen 
an I/O address depends 
state of the channel, subchannel, and I/O 
device. Each of these components of the 
I/O system can have up to four states, as 
far as the response to an I/O instruction 
is concerned. These states are listed in 
the figure "Input/Output System States." 
The name of the state is followed by its 
abbreviation and a brief definition. 


identified by 
on the collective 


A channel, subchannel, or I/O device that 
is available, interruption-pending, or 


working is called "operational." A 
channel, subchannel, or I/O device that is 
interruption- pending, working, Or 


not-operational is called "not available." 


In a nultiplexer channel, the channel and 
subchannel are easily distinguishable and, 
if the channel is operational, any 
combination of channel and subchannel 
states is possible. Since the selector 
channel can have only one subchannel, the 
channel and subchannel are functionally 
coupled, and certain states of the channel 
are related to those of the subchannel. In 
particular, the working state can occur 
only concurrently in both the channel and 
subchannel and, whenever an interruption 
condition is pending in the subchannel, the 


channel also is in the’ same state. The 
channel and subchannel, however, are not 
synonymous, and an interruption condition 
not associated with data transfer, such as 
attention, may not affect the state of the 
Subchannel. Thus, the subchannel may asa 
function of the I/O instruction, be 
available when the channel is 
interruption- pending or has an interrunption 
condition pending at a device. A 
consistent distinction between the 


subchannel and channel permits selector and 
multiplexer channels to be covered 
uniformly by a single description. 


ea ee ee vr FY 
| Name [ Abbreviation and Definition { 
-—— —_—t—_- +. eel 
| I [ { 
| Channel | | | 
| | [ I 
| Available | A | None of the following states | 
} Interruption pending | I | Interruption condition immedi- | 
| | | ately available from channel | 
| Working [| W | Channel operating in burst mode | 
| Not operational { N | Channel not operational | 
| I ( l 
| Subchannel | | ( 
| { { [ 
| Available | A | None of the following states | 
| Interruption pending | I | Information for CSW available in | 
| | { subchannel ] 
{ Working | W {| Subchannel executing an operation| 
| Not operational | N | Subchannel not operational [ 
{ | { I 
| 170 Device | I | 
| | ( I 
| Available 1 A | None of the following states | 
{ Interruption pending | I | Interruption condition in device | 
| Working | W | Device executing an operation | 
| Not operational | N | Device not operational | 


Input /Output—System States 
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The I/O device referred to in the figure 
"Tnput/Output-System States" includes both 
the I/O device proper and its control unit. 
For some types of I/0 devices, such as 
mMagnetic-tape units, the working and the 
interruption-pending states can be caused 
by activity in the addressed I/0 device or 
control unit. A "not available" shared 
control unit imposes its state on all 
devices attached to the control unit. The 
states of the I/O devices are not related 
to those of the channel and subchannel. 


When the response to an I/O instruction is 
determined by the state of the channel or 
subchannel, the components further removed 
are not interrogated. Thus, 10 composite 
states may be distinguished as conditions 
for the execution of I/O instructions. 
Each composite state is identified by three 
letters. The first letter specifies the 
state of the channel, the second letter 
specifies the state of the subchannel, and 
the third letter specifies the state of the 
device. Each letter may be A, I, W, or N, 
denoting the state of the component. The 
letter X indicates that the state of the 
corresponding component is not significant 
for the execution of the instruction. 


addressed channel, 
and I/O device 


Available (AAA): The 
subchannel, control unit, 
are operational, are not engaged in the 
execution of any previously initiated 
operations, and do not contain any pending 


interruption conditions. 


pecause of internal activity, some 
block-multiplexer channels may at times 
appear to be working even though they are 
not engaged in the execution of a 
previously initiated operation and do not 


contain any interruption condition. This 
will result in a WXX state instead of the 
AAA state. 

Interruption Pending in Device (AAI) of 
Device Working (AAW): The addressed channel 
and subchannel are available. The 
addressed control unit or I/0 device is 


executing a previously initiated operation 
or contains an interruption condition. 
These Situations are possible: 


1. The device is executing an operation, 


such as rewinding magnetic tape of 
seeking on a disk file, after 
signaling channel end. 

2. The control unit associated with the 


device is executing an operation, such 
as backspacing file on a magnetic-tape 


unit, after signaling channel end. 

3. The device or control unit is 
executing an operation with another 
subchannel or channel. 

4. The device or control unit contains 
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the device-end, control-unit-end, or 
attention condition ora channel-end 
condition associated with a terminated 


operation. 
Device Not Operational (AAN): The 
addressed channel and subchannel are 
available. The addressed I/0 device is not 
operational. A device appears not 


operational when no control unit recognizes 
the address. This occurs when the control 
unit is not provided inthe system, when 
power is off in the control unit, or when 
the control unit has been logically 
disconnected fron the systen. The 
not-operational state is indicated also 
when the control unit is provided and is 
designed to attach the device, but the 
device has not been installed and _ the 
address has. not been assigned to the 
control unit. (See also the section 
"Input/Output Device Addressing" in this 
chapter.) 


If the addressed device is not installed or 
has been logically removed from the control 
unit, but the associated control unit is 
operational and the address has been 
assigned to the control unit, the device is 
said to be not ready. When an instruction 
is addressed to a device in the not-ready 
state, the control unit responds to the 
selection and indicates unit check whenever 
the not-ready state precludes a successful 


execution of the operation. (See the 
section "Unit Check" in this chapter.) 
Interruption Pending in Subchannel (AIX): 


available. An 
pending in’ the 


The addressed channel is 
interruption condition is 
addressed subchannel. The subchannel is 
able to provide information for a CSW. The 
interruption information indicates status 
associated with the addressed I/O device or 
another I/0 device associated with the 
subchannel. The state of the addressed 
device is not significant, except when the 
address specified by TEST I/O is the same 
as the address of the I/0 device for which 
the subchannel is interruption-pending, in 


which case the CSW contains status 
information that has been provided by the 
device. 

The state AIX does not occur on the 


On the selector channel, 
the existence of an interruption condition 
in the subchannel immediately causes’ the 
channel to assign to this condition the 
highest priority for I/O interruptions and, 


selector channel. 


hence, leads to the state IIX. 

Subchannel Working (AWX): The addressed 
channel is available. The addressed 
subchannel is executing a previously 


initiated START I/O (SIO) or START I/O FAST 
RELEASE (SIOF) function. The addressed 
subchannel enters the working state when 
condition code 0 is set for SIO or SIOF. 


J 


The addressed subchannel remains in the 
working state until the SIO or SIOF 
function is concluded at the subchannel. 
Usually the conclusion of the SIO or SIOF 
function occurs when the I/O operation or 
chain of operations receives channel end 
for the last operation. The state of the 
addressed device is not significant, except 
when HALT I/O or HALT DEVICE is issued. 
During the execution of HALT I/O and HALT 
DEVICE, the state of the device may be 
interrogated and will then be indicated in 
either the CSW or the condition code. 


The subchannel-working state does not occur 


on the selector channel since all 
operations on the selector channel are 
executed in the burst mode and cause the 


channel to be in the working state (WWX). 


Subchannel Not Operational (ANX): The 
addressed channel is available. The 
addressed subchannel on the nultiplexer 


A subchannel 
it is not provided 
state cannot occur on 


channel is not operational. 
is not operational when 
in the system. fThis 
the selector channel. 


Interruption Pending in Channel (IXX): The 
addressed channel is not working and has 
established which device will cause the 
next I/0 interruption from this channel. 


The state in which the channel contains an 
interruption condition is distinguished 
only by the instruction TEST CHANNEL. This 
instruction does not cause the subchannel 
and I/0 device to be interrogated. The 
other I/O instructions, with the exception 
of STORE CHANNEL ID, consider the channel 
available when it contains an interruption 
condition. A channel with an interruption 
condition may be considered to be working 


by the instruction STORE CHANNEL ID. When 
the channel assigns priority for 
interruptions among devices, the 


interruption condition is preserved in the 
I/O device or subchannel. (See the section 
"Tnterruption Conditions" in this chapter.) 


Channel Working (WXX): The addressed 
channel is operating in the burst mode. In 
the multiplexer channel, a burst of bytes 
is currently being handled. In the 
selector channel, an operation or a chain 
of operations is currently being executed, 
and the channel end for the last operation 
has not yet been signaled. The states of 
the addressed device and, in the 
multiplexer channel, of the subchannel are 
not significant. In addition, because of 
internal activity, some block-multiplexer 
channels may at times appear to be working 
even though they are not operating in burst 
mode. Depending on the model and the 
channel type, TEST I/O and HALT DEVICE may 
consider the channel to be available when 
the channel is working with a device other 
than the addressed device. 


Channel 
addressed 
channel is 


Not Operational (NXX): The 
channel is not operational. A 
not operational when it is not 
provided in the system, when power is off 
in the channel, when it is not confiqured 
to the CPU, or when it detects a 
channel-check-stop condition. As long asa 
channel-check-stop condition persists, the 


channel performs no I/O instructions, with 
the exception of CLEAR CHANNEL (which may 
be executed, depending on the system 


model); performs no I/O interruptions; 
executes no channel programs; and suspends 
all I/O-interface activity. When a channel 
is not operational, the states of the 
addressed I/O device and subchannel are not 
significant. 


RESETTING OF THE INPUT/OUTPUT SYSTEM 


Two types of resetting can occur in the I/O 
systen: an I/O system reset and an TI/0 
selective reset. The response of each type 
of I/0 device to the two kinds of reset is 
specified inthe SL publication for the 
device. 


I/0-System Reset 


I/O-system reset is peritormed in the 
channel and on the associated I/O interface 
when the CPU to which the channel is 
configured executes the instruction CLEAR 
CHANNEL or a program reset, initial-program 


reset, clear reset, or power-on reset is 
performed, when a power-on sequence is 
performed by the channel, and, under 


certain conditions on some earlier models, 
when a channel detects equi pment 
malfunctions and the clear-channel facility 
is not installed. 


I/O-system reset causes the channel to 
conclude operations on all subchannels. 
Status information and all interruption 
conditions in all subchannels are reset, 
and all operational subchannels are placed 
in the available state. The channel 
Signals system reset to allI/0O devices 


attached to it. 


The I/0 selective reset is performed by 
some channels when they detect certain 
equipment malfunctions. 


I/O selective reset causes the channel to 
Signal selective reset to the device that 
is connected to the channel at the time the 
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malfunction is detected. No subchannels 


are reset. 


a Working Device 


Serre 


ffect of Reset o 


esta intranet — mea ee 





With either type of reset, if the device is 
currently communicating with a channel, the 
device immediately disconnects from the 
channel. Data transfer and any operation 
uSing the facilities of the control unit 
are immediately concluded, and the I/0 
device is not necessarily positioned at the 


beginning of a block. Mechanical motion 
not involving the use of the control unit, 
such as rewinding magnetic tape Or 


positioning a disk-access mechanism, 
proceeds to the normal stopping point, if 
possible. The device appears in the 
working state until the termination of 
mechanical motion or the inherent cycle of 
operation, if any, whereupon it becomes 


available. Status information in the 
device and control unit 1s reset, but an 
interruption condition may be generated 


upon completing any mechanical operation. 


Reset Upon Malfunction 


When a malfunction occurs and the progran 
is alerted by an I/0 interruption, or when 
a malfunction occurs during the execution 
of an I/0 instruction andthe program is 
alerted by the setting of a condition code, 
then an I/0 selective reset may have been 
performed. A CSW is stored identifying the 
cause of the malfunction. 


The device addressed by the I/C instruction 
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is not necessarily the device that is 
reset. 
When a malfunction occurs and the program 


is alerted by a machine-check interruption, 


then an I/O selective reset or, on’ some 
earlier models, I/O system reset may have 
been performed. ThisS may or may not be 


accompanied by an I/O interruption. 


CONDITION CODE 


The results of certain tests by the channel 
and device, and the original state of the 
addressed part of the I/O system are used 
during the execution of an I/O instruction 
to set one of four condition codes in the 
PSW. The condition code is set at the time 
the execution of the instruction is 


concluded, that is, the time the CPU is 
released to proceed with the next 
instruction. The condition code ordinarily 
indicates whether or not the function 
specified by the instruction has’ been 
performed and, if not, the reason for the 
rejection. In the case of START I/0 FAST 


RELEASE executed independent of the device, 
a condition code 0 may be set that is later 
Superseded by a deferred condition code 
stored in the CSW. 


The figure "Condition-Code Settings for I/0 
States and Instructions" lists the 
I/O-system states and the corresponding 
condition codes for each I/O instruction. 
The I/O-system states and associated 
abbreviations are defined in the section 
"States of the Input/Output System" earlier 
in this chapter. The digits in the figure 
represent the decimal value of the code. 


C 


- -:;::: ot eT eR ene ge ee ne See ey 
| | [ Condition—Code Settings [ 
| | oe eo ee eee 
| | I/O {| sro | [ [ [ 
| Conditions IState| SIOF|TIO|CLRIO |HIO|HDV| TCH| STIDC|CLRCH| 
-—_—_—_-__--— —— tH tt tH tH 
|Available | AAA {0,1*@| 0 | O {| 1*| 1%], OF O | 0 | 
[Interruption pending in device | AAI | 1*@| 1*| O | 1*]| 1*| Of O Ff O | 
|Device working | AAW | 1*@| 1*7 O | 1*| 1*%, O | O | O | 
{Device not operational | AAN | 30 | 3 [| O i 31310907 0 4 0 | 
[Interruption pending in subchannel| AIX | [ | | [ [ | | [ 
| For the addressed device [ | ono ([1*#] 1* %| OF OF O | | 0 | 
| For another device | 1 2 |{|2 | 0 1o 747 O04 0 | | O | 
|Subchannel working | AWX | { | | [ | | | | 
| With the addressed device | | 2 | 2 | 1% [T*¥#,1*#] OF O | O | 
| With another device | | 2 | 24 0 11*#; O07; Of O |{ 0 | 
[Subchannel not operational {1 ANX | 3 | 3 1{ 3 i 313104 oO | O | 
[Interruption pending in channel | Ixx |———See Note {| 1 | =## | O { 
[Channel working | wxx | | | | | | 1 | [ 
| With the addressed device [ | 2 | 2 | *** [| 2 | + | 2 [| ## | OF | 
| With another device | { 2 | 2e| ** | 24] #€ 12 [ ## { O& | 
1 NXx | 3 {31 #3 131313 3 =| 386 | 


{Channel not operational 


Ses es es a es ae! ee a ea Sees cee 
Explanation: 
* Whenever condition code 1 is set, the CSW or its status portion is 


stored at location 64 during execution of the instruction. 


** When 
set, 


CLEAR I/0 encounters the WXX state, 


set according to the state of the subchannel. When the 
treated 
same as for the AXX states. 
*x*x A condition code 1 


on the channel. 


(with the CSW stored) or 2 may be set, 


the 
model. 


state 
If the 


code 
and the 


condition 
channel type, system 
operational, a condition code 2 or 3 is Set. 


| 
| 
[ 
| 
| 
[ 
| 
| 
| 
| 
| 
| 
| 
| 
| # The 
I 
| 
| available or working with the addressed device, 
| 
| 
| 
[ 
| 
| 
| 
| 
| 
[ 
| 
| 
| 
| 
| 
| 
| 


depends on 
subchannel 


set. Otherwise, a condition code 0 or 2 is set. 


# When a "device not operational" response is received in selecting the 


addressed device, condition code 3 is set. 


a START I/O FAST RELEASE may cause the same condition code to be set as 


for START I/O or may cause condition code 0 to be set. 


+ The condition code depends on the I/O interface sequence, the channel 
that the 
a condition code 1 is set 


If the channel 
Signal to terminate, 
Otherwise, a condition code 2 is set. 


type, and the system model. ascertains 
device received the 


and the CSW stored. 


## When the channel is unable to store the channel ID 
working or interruption—pending state, 
the working 


the channel ID, a condition code 0 is Set. 
a a ee 


because 


Condition—Code Settings for I/O States and Instructions (Part 1 of 2) 


Chapter 12. 


of the subchannel, 
is 


a condition code 2 is set. 
or interruption—pending state does not preclude storing 


the 
not 

If the subchannel is 
a condition code 2 is 


either condition code 2 is 
or the channel is treated as available and the condition code is 
channel 
as available, the condition codes for the WXX states are the 


is 


depend ing 


of the 
If 
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EN SE 


ce A ee oa 
Explanation (Continued): 


& On certain channels, when the 


I/O system reset, 
certain the 


&& On channels, when 


tion code 0 is set. 


of the portion of the operation 
ities, condition code 2 is set. 


Note: 


I/O, CLEAR I/0, HALT DEVICE, 


condition codes for the IYY 


—_—— ee eee eee ee ee eee A eel eee ee 


example, 
bee 


e If the subchannel is interruption—pending for the 
condition code 1 may Le set depending on the channel type. 


working state precludes performing the 
condition code 2 is set. 


not—operational 
channel—check—stop condition, the instruction is executed, and condi- 


oo If the subchannel is interruption—pending 

involving the use of channel facil— 
If the interruption—pending condition 
exists for other reasons, condition code 1 is set. 


For the purpose of executing START I/O, START I/O FAST RELEASE, 
and HALT I/O, 
ruption condition appears the same as an available channel, 
tion-—code setting depends on the states of the subchannel and device. 
states are the same as for the 
where the Ys represent the states of the subchannel and the device. 

the condition code for the IAW state is the same as for AAW. 





addressed device, 


state is due toa 


because of the concluding 


TEST 
a channel containing an inter— 
and the condi- 
The 
states, 
AS an 


AYY 





Condition-—Code Settings for I/O States and Instructions (Part 2 of 2) 


The available state results in condition 
code 0 only when no errors are detected 
during the execution of the I/O 


instruction. 


When a subchannel on 
contains an interruption condition 
AIX), the I/0 device associated with 
concluded operation normally is in the 
interruption-pending state. When the 
channel detects during the execution of 
TEST I/O that the device is not 
operational, condition code 3 is set. 
Similarly, condition code 3 is set when 
HALT I/O or HALT DEVICE is addressed toa 
subchannel in the working state (state 
AWX), but the device is not operational. 


a multiplexer channel 
(state 
the 


Error conditions, including all equipment 
or programming errors detected by the 
channel or the I/O device during execution 
of the I/O instruction, generally cause the 


CSW to be stored. However, when the nature 
of the error causes a machine-check 
interruption, but no I/O interruption, to 


occur, the CSW is not stored. Three types 


of errors can occur: 


The channel can 
equipment errors 
I/O, START I/0 
CLEAR I/0, HALT 


Channel-Equipment Error: 
detect the following 

during execution of START 
FAST RELEASE, TEST I/C, 

I/O, and HALT DEVICE: 


received an address from 

initial selection 
parity error or was 
the one the channel 
other than the 


1. The channel 
the device during 
that either had a 
not the same as 
sent out. Some device 
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one addressed may be malfunctioning. 


that the channel 
selection had 


2. The unit-status byte 
received during initial 
a parity error. 


3. A Signal from the I/0 device occurred 


at an invalid time or had invalid 
duration. 
4. The channel detected an error inits 


control equipment. (This is also true 
for STORE CHANNEL ID and TEST 
CHANNEL.) 
The channel may perform an I/O _ selective 
reset or, on some earlier models, may 
perform an I/0 system reset or generate a 
halt signal, depending on the type of error 


and the model. If a CSW is_ stored, 
channel-control check or interface-control 
check is indicated, depending on the type 


of error. 


Channel~Programming Error: The channel can 
detect the following proqramming errors 
during execution of START I/0 or START I/0 
FAST RELEASE. All of the errors are 
indicated during START 1/0, and during 
START I/O FAST RELEASE when it is executed 
as START I/0, by the condition-code setting 


and by the status portion of the CSW. When 
the SIOF function is performed, the first 
two errors are indicated as for START I/0, 


and the remaining errors may be indicated 
as for SIO or may be indicated in a 
subsequent I/0 interruption. 

conditions 9, 10, 


Depending on the model, 


11 and 12 may (a) cause an error condition 
to be recognized and prevent operation 
initiation ofr (b) may cause an error 
condition to be recognized only if the 
operation causes the device to attempt to 
transfer data. In case (b), a command that 
specifies an immediate operation does not 
cause an error indication for an SIO or 
SIOF function. 


1. Invalid 
CAW 


CCW-address specification in 


2. invalid CAW format 


3. Invalid CCW address in CAW 


4, First-CCW location protected against 
fetching 

5. First CCW specifying transfer in 
channel 


6. Invalid command code in first CCW 
7. %Invalid count in first CCW 


8. Invalid format for first CCW 


9. If channel indirect data addressing 
(CIDA) was specified, an invalid 
data-address specification in the 
first CCW 


10. If CIDA was specified, an invalid data 
address in the first CCW 


11. If CIDA was specified, the first-IDAW 

location protected against fetching 
12. If CIDA was specified, invalid format 
for the first IDAW 


The CSW indicates program check, except for 
items 4 and 11, for which protection check 
is indicated. 


Device Error: Programming or 
errors detected by the device as. part of 
the execution of START I/0, or START I/0 
FAST RELEASE are indicated by unit check or 
unit exception in the CSW. 


equipment 


The causes of unit check and unit exception 
for each type of I/O device are detailed in 
the SL publication for the device. 


INSTRUCTION FORMATS 


All I/O instructions use the following § 


format: 


Op Code | Ba | Da ( 
ace ae ie eh 


16 20 31 


or 


Except for STORE CHANNEL ID, bit positions 
8-14 of these instructions are ignored. 


The second-operand address specified by the 
Bz and Da fields is not used to designate 
data but instead is used to identify the 
channel and 1/0 device. Address 
computation follows the rules of address 
arithmetic. The address’ has the following 
format: 


\////////\Chn Addr|[Dev Addr| 
ee 
8 16 24 31 


Bit positions 16-31 contain the 16-bit I/0 
address. Bit positions 8-15 are ignored. 


INSTRUCTIONS 


All I/0 instructions cause a serialization 
function to be performed. See the section 
"Serialization" in Chapter 5, “Program 
Execution." 


The names, mnemonics, format, and operation 
codes of the I/0 instructions are listed in 


the figure "Input/Output Instructions." 
The figure also indicates that all I/s0 
instructions cause a program interruption 
when they are encountered in the  problen 
state, that all I/O instructions set the 
condition code, and that all I/O 
instructions are in the S instruction 
format. 

Note: In the detailed descriptions of the 


individual instructions, the mnemonic and 
the symbolic operand designation for’ the 
assembler language are shown with each 
instruction. In the case of START I/0, for 
example, SIO is the mnemonic and D3(Bz) the 
operand designation. 
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ea ee ge ee a ee a ae oe ee ee 
[ [Mne— | | Op [ 
[ Nane | monic] Characteristics {Code | 
-———————————_—————-__-- tr 

|CLEAR CHANNEL |CLRCHIS C RE|P | $ | | 9FO1*| 
|CLEAR I/0 {| CLRIO|S Cc |P | $ | |9D01*] 
|HALT DEVICE | HDV 1s Cc |P | $ { [9EO1*| 
|HALT I/0 | HIO {s Cc |P | $ | | 9EOO*| 
[START I/0 {SIO 1s Cc | P | $ | | 9CO0*| 
[START I/O FAST RELEASE |SIOF |S Cc {P | $ | {9C01*| 
ISTORE CHANNEL ID |STIDC(S Cc |P | $ | {B203 | 
| TEST CHANNEL {TCH {1S Cc |P | $ | | 9FOO*| 
| TEST I/0 | TIO 1s C |P | $ { | 9ID00*| 


HL 1 dt st 


|Explanation: 


l 
| c Condition code is set. 

| P Privileged—operation exception. 
{| RE Recovery—extensicn feature. 

| S instruction format. 

{ 

[ 


S 
* Pits 8-14 of the operation code are ignored. 
$ 


Causes serialization. 


Summary of Input/Output Instructions 


Programming Note 


The instructions CLEAR I/0, HALT DEVICE, 
HALT I/O, START 1/0, START I/O FAST 
RELEASE, STORE CHANNEL ID, and TEST I/O may 
cause a CSW to be stored. To prevent the 
contents of the CSW stored by the 
instruction from being destroyed by an 
immediately following I/O interruption, the 
CPU must be disabled for all I/O 
interruptions before CLEAR I/o, HALT 
DEVICE, HALT I/O, START I/O, START I/O FAST 
RELEASE, STORE CHANNEL ID, and TEST I/O is 
issued and must remain disabled until the 
information in the CSW provided by the 
instruction has been acted upon or stored 
elsewhere for later use. 


CLEAR CHANNEL 








CLRCH Da (Ba) [s] 

roo —— ee a 

| "OFO1' | Bo | Da | 
ee 

0 16 20 31 

With the clear-channel feature installed, 
the CLRCH function is performed. 
Otherwise, the TCH function, which is 


described in the definition of TEST 
CHANNEL, is performed. 


IvO-system reset is performed in the 
addressed channel, and system reset is 
signaled to all I/O devices attached to the 
addressed channel. 
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The instruction CLEAR CHANNEL is executed 
only when the CPU is in the’ supervisor 
state. 


Bits 8-14 of the instruction are ignored. 
Bits 16-23 of the second-operand address 
identify the channel to which the 
instruction applies. Bits 24-31 of the 
address are ignored. 


The instruction CLEAR CHANNEL inspects only 
the state of the addressed channel. When 
the channel is available or interruption- 
pending, I/0-system reset is performed. 


When the channel is working, some channels 
hay indicate busy and cause no I/0- 
interface action, while other channels 
cause I/0-system reset to be performed. 


When the channel is not operational because 
of a channel-check-stop condition, some 
channels cause anI/O-system reset to be 
performed on the I/0 interface. In all 
other not-operational-state cases, the 
reset function is inhibited. 


Program Exceptions: 


Privileged Operation 


Resulting Condition Code: 


0 I/O-system reset was performed on 
the I/O interface associated with 
the addressed channel 

1 --. 

2 Channel busy 

3 Not operational 


The condition code set when CLEAR CHANNEL 
causes the CLRCH function to be performed 


J 


C 


is shown for all possikle states of the I/0 
system in the figure "Condition Codes Set 
by CLEAR CHANNEL."*§ The condition code set 
when CLEAR CHANNEL causes the TCH function 
to be performed is shown for all possible 
states of the I/0 system inthe figure 
"Condition Codes Set by TEST CHANNEL" in 
the definition of the instruction TEST 
CHANNEL. See the section "States of the 
Input/Output System" in this chapter for a 
detailed definition of the A, I, W, and N 
states. 





Channel 1 AdtItewili vy if 
10 | 0 [Or | 34+ | 
A Available 
I Interruption Pending 
W Working 
N Not Operational 
+ On certain channels, when the working 
state precludes performing the I/0 
system reset on the I/v0O interface, 
condition code 2 is set. 
++ On certain channels, when the 
not-—operational state is due to a 
channel—check—stop condition, the 


instruction is executed, and condition 
code 0 is set. 


Condition Codes Set by CLEAR CHANNEL 


Programming Note 


CLEAR CHANNEL should be 
I/0-device association with an 1/0 
interface when I/O devices are shared with 
other systems or have multiple paths to the 
same systen. In those cases when I/0 
devices are shared, before using CLEAR 
CHANNEL, steps should be taken to protect 
against compromising data integrity until 
the desired I/0O-device association can be 
reestablished. 


used to reset an 


CLEAR CHANNEL may cause a channel that is 
not-operational because of a channel-check- 
stop condition to be restored. Before a 
not-operational channel can be restored or 
system reset signaled on an I/0O interface, 
on some models CLEAR CHANNEL must be issued 
to all channels. On other models, CLEAR 
CHANNEL, when issued to a_ subset of the 
channels, can cause a not-operational 
channel to be restored or system reset to 
be signaled on an TI/0 interface. Refer to 
the SL publication for the model to 
determine the appropriate recovery action. 


CLEAR I/0 
CLRIO Da(Ba) [Ss] 

SNe es ee viele ae oe we 
| 9D01 { Ba | Deo I 
ee ee eh eed 
0 16 20 31 
Either a TIO or CLRIO function is 
performed, depending on the channel and the 
block-multiplexing control, bit 0 of 
control register 0. The TIO function is 
performed when the CLRIO function is not 
implemented by the channel or when the 
block-nultiplexing-control bit is zero. 
The TIO function is described in the 


definition of the instruction TEST I/O. 


Bits 8-14 
Bit positions 
address identify 
and I/0 device 
applies. 


of the instruction are ignored. 
16-31 of the second-operand 
the channel, subchannel, 
to which the instruction 


The cCLRIO function causes the current 
operation with the addressed device to be 
discontinued and the state of the operation 
at the time of the discontinuation to be 
indicated in the stored CSW. 


When the subchannel is available, 
interruption- pending with another device, 
or working with another device, no channel 
action is taken, and condition code 0 is 
set. Channels not capable of determining 
subchannel states while in the working 
state may set condition code 2. 


When the subchannel is either working with 


the addressed device ofr interruption- 
pending with the addressed device, the 
CLRIO function causes condition code 1 to 
be set and causes the channel to 
discontinue the operation with the 
addressed device by storing the status of 
the operation in the CSW and making the 


subchannel available. When the channel is 
working with the addressed device, the 
device is signaled to terminate the current 
operation. Some channels may, instead, 
indicate busy and cause no channel action. 


conditions 
the CSW 


When 
occurs, 


any of the following 
the CLRIO function causes 
to be stored at real storage locations 
64-71. The contents of the entire CSW 
pertain to the I/O device addressed by the 
instruction. 


1. The channel is available or 
interruption-pending, and the 
subchannel (1) contains an 
interruption condition for the 


addressed device because of the ending 
of an I/O operation at the subchannel 
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with the addressed 
subchannel-key, 
and count fields 
of the operation at 
the time of the execution of the 
instruction. If the subchannel is 
interruption-pending for reasons other 
than the completion of an I/0 
operation at the subchannel, the 
fields in the CSW other than the unit- 
status field are all set to zeros. 


or (2) is working 
device. The 
command-address, 
describe the state 


The channel is working with the 
addressed device. The subchannel-key, 
command-address, and count fields 


describe the state of the operation at 
the time the instruction is executed. 
(Some channels alternatively indicate 
busy under this condition.) 


The channel is working with a device 
other than the one addressed, and the 
subchannel (1) contains an 


interruption~pending condition for the 
addressed device because of the ending 
of an I/O operation at the subchannel 
or (2) is working with the addressed 
device. The subchannel-key, command- 
address, and count fields describe the 
state of the operation at the time 
CLEAR I/0 is executed. (Some channels 
alternatively indicate busy under 
these conditions.) If the subchannel 
is interruption-pending for reasons 
other than the completion of an I/0 
Operation at the subchannel, the 
fields in the CSW other than the unit- 
status field are all set to zeros. 


The channel detected an equipment 
error during the execution of the 
instruction. The CSW identifies the 
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The states of the 
operations in 
progress are unpredictable. The 
limited channel logout, if stored, 


indicates a sequence code of 000. 


condition. 
and the I/0 


error 
channel 


executed because 
that affects the 


When CLEAR I/O cannot be 
of a pending logout 

operational capability of the channel, a 
full CSW is stored. The fields in the CSW 
are all set to zeros, with the exception of 


the logout-pending and channel-control- 
check bits, which are set to ones. No 
Channel logout is associated with this 
status. 


Program Exceptions: 


Privileged Operation 


0 No operation in progress at the 
subchannel for the addressed 
device 

1 CSW stored 

2 Channel busy 

3 Not operational 

The condition code set when CLEAR I/0 


causes the CLRIO function to be performed 
is shown for all possible states of the I/0 
System in the figure "Condition Codes Set 
by CLEAR 1/0." The condition code set when 
CLEAR I/0 causes the TIO function to be 
performed is shown for all possible state 
of the I/O system in the figure "Condition 
Codes Set by TEST I/O" in the definition of 
the instruction TEST I/O. See the section 
"States of the Input/Output System" in this 
chapter for a detailed definition of the A, 
I, W, and NWN states. 


J 


C 


W# [| W#[ NI 


+41 31 


[ A | I [ 
Channel +-————___-__-—___—_ “4 —_—_  ++xHFKI 
| | | 
{A(I#[ L#|WFIWH| NL AL LAL LH | WAL WHINP AL I#L I# (WAL WEIN | 
Subchannel —+—+-+ —_+—_+—_+—_++—_+—__+_+—_+—_++—_HI 
[O10 FA*¥1O J1¥*IZI010 [1*10 [AFI ZI+I4+ TH+ IHI+H I 


A Available 
I Interruption pending 


I#¥ = Interruption pending for a device 


addressed 


other than 


the one 


I# = Interruption pending for the addressed device 


W Working 


W# = Working with a device other than the one addressed 


W# = Working with the addressed device 
N Not operational 
* CSW stored 


+ In the W#AX, 
2 may be set, 


W#I#X, and W#W#X states, 


depending on the channel. 


a condition code 0 or 


4+4+ In the W#I#X, W#W#X, and W#XX states, a condition code 1 
(with the CSW stored) or 2 may be set, depending on the 
channel. 

+++ In the W#NX state, a condition code 2 or 3 may be set, 
depending on the channel. 

Note: Underscored codes pertain to situations that can occur 

only on the multiplexer channel. 

Condition Codes Set by CLEAR I/0 

Programming Notes HALT DEVICE 

1. Since some channels cause a condition 
code 2 to be set when the instruction HDV Do (Ba) [s] 
is received and the channel is 
working, it may be useful to issue a -———_—_——__—__—__—_—_—_———_— er ee 
halt instruction and then CLEAR I/0 to | 9E01 | Bo | Do | 
the desired address. Using HALT $f 
DEVICE will ensure that condition code 0 16 20 31 
2 is received on the CLEAR T/0 only 
when the channel is working with a The current I/O operation at the addressed 
device other than the one addressed. I/O device is terminated. The subsequent 
Using HALT I/O will ensure that the state of the subchannel depends on the type 
current working state, if any, is of channel. Bits 8-14 of the instruction 
terminated without regard for the are ignored. 
address. 


2. Because of the inability of CLEAR I/0 


to terminate operations on some 
channels when in the working state, 
the instruction is not ae suitable 
substitute for HALT I/0 or HALT 
DEVICE. 

3. The combination of HALT DEVICE 
followed by CLEAR I/O can be used to 


clear out all activity on a channel by 
executing the two instructions for all 
device addresses on the channel. 


Bits 16-31 of 
identify the 
the I/0 device to 
applies. 


the second-operand address 
channel, the subchannel, and 
which the instruction 


When the channel is either available or 
interruption-pending with the subchannel 
available or working with an I/O operation 
in progress at the addressed device, HALT 
DEVICE causes the addressed device to be 
selected and to be signaled to terminate 
the current operation, if any. If the 
subchannel is working with an I/O operation 
in progress at the addressed device, HALT 
DEVICE also causes the channel to. siqnal 
termination of the I/O operation if the 
device requests or offers a byte of data. 
If status is presented and command chaining 
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is indicated for the I/O operation uSing 
the subchannel, it is suppressed. If the 
subchannel is available, the subchannel is 
not affected. 


When the channel is either available or 
interruption-pending with the subchannel 
either working with a device other than the 
one addressed or interruption-pending, no 
action is taken. 


When the 
with the addressed device, 
for the operation is 
terminated, and the device immediately 
disconnects from the channel. If chaining 
is indicated for the I/O operation using 
the subchannel, it is suppressed. 


channel is working in burst mode 
data transfer 
immediately 


When the channel is working in burst mode 
with a device other than the one addressed, 
and the subchannel is available, 
interruption-pending, or working with a 
device other than the one addressed, no 
action is taken. If the subchannel is 
working with an I/O operation in progress 
at the addressed device, the channel 
Signals termination of the device operation 
the next time the device requests or offers 
a byte of data, if any. If chaining is 
indicated for the I/O operation using the 
subchannel, it is suppressed. 


When the channel is werking in burst mode 
with a device other than the one addressed 
and the subchannel is not operational, is 
interruption-pending, or is working with a 


device other than the one addressed, the 
resulting condition code may, in some 
channels, be determined by the subchannel 
state. 

Termination of a burst operation by HALT 
DEVICE on a selector channel causes the 


be placed in the 
Generation of 


channel and subchannel to 
interruption-pending state. 


the interruption condition is not 
contingent on the receipt of status 
information from the device. When HALT 
DEVICE causes ae burst operation on a 


byte-multiplexer channel to be terminated, 
the subchannel associated with the burst 
operation remains in the working state 
until the device provides ending status, 
whereupon the subchannel enters the 
interruption-pending state. The 
termination of a burst operation by HALT 
DEVICE on a block-multiplexer channel may, 
depending on the model and the type of 
subchannel, take place as for a_ selector 
channel or may allow the subchannel to 
remain in the working state until the 
device provides ending status. 


When any of the three situations numbered 
below occurs, HALT DEVICE causes the 16-bit 
unit-status and channel-status portion of 
the CSW to be replaced by a new set of 
status bits. The contents of the other 
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fields of the CSW are not changed. The CSW 
stored by HALT DEVICE pertains only to the 


execution of HALT DEVICE and does not 
describe the I/O operation, at the 
addressed subchannel, that is terminated. 


The extent of data transfer and the status 
at the termination of the operation at the 


subchannel are provided in the CSW 
associated with the interruption condition 
caused by the termination. The three 


situations are: 


selected and 
the current 


1. The addressed device is 
Signaled to terminate 
operation, if any. The CSW then 
contains zeros in the status field 
unless a machine nNalfunction is 
detected. 

2. The control unit is busy and the 

device cannot be given the Signal to 

terminate the I/O operation. The CSW 
unit-status field contains ones in the 


busy and status- modifier bit 
positions. The channel-status field 
contains zeros unless a machine 
malfunction is detected. 

3. The channel detects a machine 
malfunction during the execution of 
HALT DEVICE. The status bits in the 
CSW then identify the type of 


malfunction. The state of the channel 
and the progress of the I/O operation 
are unpredictable. 


If HALT 
of a 


executed because 
affects the 


DEVICE cannot be 
pending logout which 


Operational capability of the channel or 
subchannel, a full CSW is’ stored. The 
fields in the CSW areall set to zeros, 
with the exception of the logout-pending 


bit and the channel-control-check bit, 
which are set to ones. No channel logout 
occurs in this case. 


When HALT DEVICE causes data transfer to be 
terminated, the control unit associated 
with the operation may not become available 
until the data-handling portion of the 
operation in the control unit is concluded. 
Conclusion of this portion of the operation 
is signaled by the generation of channel 
end. This may occur at the normal time for 
the operation, or earlier, or later, 
depending on the operation and type of 
device. 


When HALT DEVICE causes data transfer to be 
terminated, the subchannel associated with 
the operation remains in the working state 
until the channel-end condition is received 
and the subchannel enters the interruption- 
pending state. If the subchannel is shared 
by other devices attached to the control 
unit, I/0 instructions addressed to those 
devices set the condition code appropriate 
to the subchannel states described. 


The I/O device executing the terminated 
operation remains in the working state 
until the end of the inherent cycle of the 
operation, at which time device end is 
generated. If blocks of data at the device 


are defined, as in read-type operations on 


magnetic tape, the recording medium is 
advanced to the beginning of the next 
block. 


When HALT DEVICE is issued at a time when 
the subchannel is available and no burst 
operation is in progress, the effect of the 
HALT DEVICE signal depends partially on the 
type of device and its state. In all 
cases, the HALT DEVICE signal has no effect 
on devices that are not in the working 
state or are executing a mechanical 
operation in which data is not transferred, 
such as rewinding tape or positioning a 
disk-access mechanism. If the device is 


Signal as one to terminate the operation. 
Pending attention or device-end conditions 
at the device are not reset. 


Program Exceptions: 


Privileged Operation 


. 


esulting Condition Code: 


0 Subchannel busy with another 
device or interruption pending 

CSW stored 

Channel working 

Not operational 


WN = 


The condition code set by HALT DEVICE for 
all possible states of the I/O system is 
shown in the figure "Condition Codes Set by 
HALT DEVICE." See the section "States of 
the Input/Output System" in this chapter 


executing a type of operation that is for a detailed definition of the A, I, W, 
unpredictable in duration, or in which data and N states. 
is transferred, the device interprets the 
| A | I | W# (WH NI 
Channel en a nT Se So 
{ | [ [a {31 
| A [I |W] Wt | NI A | L| W#| Wt IN[A[ IT | W#( WF] NI 
Subchannel b-———_—_—_—-+-+--—-4+—_ > -—_ +-+—_ 
{ 1010 | 131 [O1o | I31I21ti+ 12 Ie! 
[A II (WwW INI [A (I IWIN] [A [IT IW INI [A [I UW INI 
Control Unit }|—+—+——-+-4 rt tt CaF ++ + —++- 41 t—+—_+—_ +H 
——Device [1*| 1%] 1%] 3| [1* 144114131 LL 11 1* 1 3I (1*(1*11*131 
A Available 
I Interruption pending 
W Working 


W# = Working with a device other than the one addressed 


W# = Working with the addressed device 
N Not operational 
* CSW Stored 


@ In the W#XX state, 
may be set, depending on the channel. 
can be set only if the control unit 


either condition code 1 (with CSW 
However, condition code 1 
has received 


or condition code 2 
(with CSW stored) 
the signal to terminate or if 


stored) 


control—unit—busy status is received by the channel. 


+ In the W#IX and W#W#X states, either condition code 0 or 2 may be set. 


e In the W#NX 
and the channel type. 


Note: Underscored condition 
multiplexer channel. 


Condition Codes Set by HALT DEVICE 


state, either condition code 2 or 


codes pertain to situations’ that 


3 may be set, depending on the model 


can occur only on the 
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Programming Notes 
1. Some selector and byte-multiplexer 
channels designed prior to the 
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defining of HALT DEVICE (for example, 
the 2860), will execute HALT DEVICE as 
HALT I/0. A program can ensure 
conplete compatibility between HALT 
DEVICE and HALT I/O on’ such channels 
by observing the following 
conventions: 


ae On a byte-multiplexer channel, do 


not issue HALT DEVICE to a 
multiplexing device when a burst 
Operation is in progress on the 
channel. 


b. On a byte-multiplexer channel, do 
not issue HALT DEVICE to a device 
on a shared subchannel while that 


subchannel is working with a 
device other than the one 
addressed. 

c. On ae selector channel in the 
working state, do not issue HALT 
DEVICE to any device other than 


the one with which the channel is 
working. 


A block-multiplexer channel 
execute HALT DEVICE as a block- 
multiplexer Or selector channel. 
However, when a block-multiplexer 
channel is performing as a_ selector 
channel, the halt-device function is 
executed as HALT DEVICE rather’ than 
HALT I/0. 


may 


The execution of HALT DEVICE always 
causes data transfer between the 
addressed device and the channel to be 
terminated. The condition code and 
the CSW (when stored) indicate whether 
the control unit was Signaled to 
terminate its operation during the 
execution of the instruction. If the 
control unit was not signaled to 
terminate its operation, the condition 
code and the CSW (when stored) imply 
the situations under which the 
execution of a HALT DEVICE for the 
same address will cause the control 
unit to be signaled to terminate. 


Condition Code 0 indicates that HALT 
DEVICE cannot signal the control unit 
until an interruption condition on the 
same subchannel is cleared. 


Code 4 
Control-Unit Status in the CSW 
indicates that HALT DEVICE cannot 
signal the control unit until the 
control-unit-end status is received 


from that control unit. 


Condition with 
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Condition Code 1 with the 
Status Field of the CSW indicates that 


the addressed device was selected and 


Signaled to terminate the current 
operation, if any. 
Condition Code 2 indicates that the 


control unit cannot be signaled until 


the channel is not working. The end 
of the working state can be detected 
by noting an interruption from the 


channel or by noting the results of 
repeatedly executing HALT DEVICE. 





intervention is required in order to 
allow HALT DEVICE to signal the 
control unit to terminate. 

HALT I/0 

HIO Do (Ba) [S] 

Dr a ee re hee ye WES aS ea ee ee 

| 9E00 [ Bo | Do | 

er ee ee J 

0 16 20 31 


Execution of the current I/O operation at 
the addressed I/O device, subchannel, or 
channel is’ terminated. The subsequent 
state of the subchannel depends on the type 
of channel. Bits 8-14 of the instruction 
are ignored. 


Bits 16-31 of the second-operand address 
identify the channel and, when the channel 
is not working, identify the subchannel and 
the 1/0 device to which the instruction 
applies. 


either available or 
with the subchannel 
working, HALT I/0 
addressed I/O device to be 
to be signaled to terminate 
operation, if any. If the 
subchannel is available, its state is not 
affected. If, on the byte-multiplexer 
channel, the subchannel is working, data 
transfer is immediately terminated, but the 
subchannel remains in the working’ state 
until the device provides the next status 
byte, whereupon the subchannel is placed in 
the interruption- pending state. 


When the channel is 
interruption-pending, 
either available or 
causes the 
selected and 
the current 


issued to a‘ channel 
mode, data transfer 


When HALT I/0 is 
Operating in the burst 
for the burst operation is terminated, and 
the I/O device performing the burst 
operation is immediately disconnected from 
the channel. The subchannel and I/0-device 
address in the instruction, in this case, 
is ignored. 


J 


C e 


The termination of a burst operation by 
HALT 1/0 on the selector channel causes the 
channel and subchannel to he placed in the 
interruption-pending state. Generation of 
the interruption condition is not 
contingent on the receipt of a status byte 
from the I/O device. When HALT I/O causes 
a burst operation on the byte-multiplexer 
channel to be terminated, the subchannel 
associated with the burst operation remains 
in the working state until the I/0 device 
signals channel end, whereupon the 
subchannel enters the interruption-pending 
state. The termination of a burst 
operation by HALT I/o on a 
block-multiplexer channel may, depending on 
the model and the type of subchannel, take 
place as for a selector channel or may 
allow the subchannel to remain in the 
working state until the device provides 
ending status. 


On the byte-multiplexer channel operating 
in the byte-multiplex mode, the I/O device 
is selected and the instruction executed 
only after the channel has serviced all 
outstanding requests for data transfer for 
previously initiated operations, including 
the operation to be halted. If the control 
unit does not accept the signal to 
terminate the operation because it is in 


the not-operational or control-unit-~busy 
state, the subchannel, if working , is set 
up to Signal termination of device 


operation the next time the device requests 
or offers a byte of data. If command 
chaining is indicated in the subchannel and 
the device presents status, command 
chaining is suppressed. 


When the addressed subchannel is 
interruption-pending, with the channel 
available or interruption-pending, HALT I/0 
does not cause any action. 


When any of the following conditions 
occurs, HALT I/O causes the status portion, 
bits 32-47, of the CSW to ke replaced by a 
new set of status bits. The contents of 
the other fields of the CSW are not 
changed. The CSW stored by HALT I/0 
pertains only to the execution of HALT I/0 
and does not describe the I/O operation 
that is terminated at the addressed 
subchannel. The extent of data transfer, 
and the status at the termination of the 
operation at the subchannel, are provided 
in the CSW associated with the interruption 
condition due to the termination. 


was selected and 
terminate the current 
operation. The CSW contains zeros in 
the status field unless an equipment 
error is detected. 


1. The addressed device 
signaled to 


The channel attempted to select the 
addressed device, Eut the control unit 
could not accept the HALT I/O signal 


because it is executing a previously 
initiated operation or had an 
interruption condition associated with 
a device other than the one addressed. 
The signal to terminate the operation 
has not been transmitted to the 
device, and the subchannel, if in the 
working state, will signal termination 
the next time the device identifies 
itself. The CSW unit-status field 
contains ones in the busy and 
status-modifier bit positions. The 
channel-status field contains zeros 
unless an equipment error is detected. 


3. The channel detected an equipment 
malfunction during the execution of 
HALT I/O. The status bits in the CSW 
identify the error condition. The 
state of the channel and the progress 
of the I/O operation are 
unpredictable. 


When HALT I/O cannot be executed because of 


a pending logout which affects the 
operational capability of the channel or 
subchannel, a full CSW is’ stored. The 
fields in the CSW areall set to zeros, 
with the exception of the logout-pending 
bit and the channel-control-check bit, 


set to ones. No channel logout 


this case. 


which are 
occurs in 


When HALT I/0 causes data transfer to be 
terminated, the control unit associated 
with the operation may not become available 


until the data-handling portion of the 
operation in the control unit is 
terminated. Termination of the 
data-transfer portion of the operation is 


Signaled by the generation of channel end, 
which may occur at the normal time for the 
operation, earlier, or later, depending on 
the operation and type of device. 


When HALT I/0 causes data transfer to be 
terminated, the subchannel associated with 
the operation remains in the working state 
until the channel-end condition is received 


and the subchannel enters the 
interruption- pending state. If the 
subchannel is’ shared by other devices 
attached to the control unit, Tso 


instructions addressed to those devices set 


the condition code appropriate to the 
subchannel states described. 

When HALT I/0 causes data transfer to be 
terminated, the I/O device executing the 


terminated operation remains in the working 
state until the end of the inherent cycle 
of the operation, at which time device end 
is generated. If blocks of data at the I/0 


device are defined, such as reading on 
Magnetic tape, the recording medium is 
advanced to the beginning of the next 
block. 


When HALT I/O is issued at a time when the 
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subchannel is available and no burst 
operation is in progress, the effect of the 
HALT I/0 signal depends on the type of I/0 
device and its state and is specified in 
the SL publication for the I/0 device. The 
HALT I/0 signal has no effect on I/0 
devices that are not in the working state 
or are executing a mechanical operation in 
which data is not transferred, such as 
rewinding tape or positioning a disk-access 
mechanism. If the I/O device is executing 
a type of operation that is variable in 
duration, the I/O device interprets’ the 
Signal as one to terminate the operation. 
Attention or device-end signals at the 
device are not reset. 


Program Exceptions: 


Channel | A | 


Privileged Operation 








Interruption pending in subchannel 
CSW stored 

Burst operation terminated 

Not operational 


WN =A © 


The condition code set by HALT I/O for all 
possible states of the I/0 system is shown 
in the figure "Condition Codes Set by HALT 
r/o." See the section “States of the 
Input/Output System" in this chapter for a 
detailed definition of the A, I, W, andwN 
states. 


[WIN 


oe oe 


| [ 
Subchannel [ A {I IW IN A 


-———__—_+—-+——_ +--+ 
(0 JA*#} 3 
Control Unit |A |I |W IN | JA [IT |W 
—Device +—_+—__+—__+—_- +—_+—_+—__++4 
J 1*{1*/1*13 | } 1* | 1* | 1* (3 
A Available 
I Interruption pending 
W Working 
N Not operational 
* CSW stored 
# When a device—not—operational response 


12131 


[IiW INI 


[0 [1* #131 


is received in 


selecting the addressed device, a condition code 3 is set. 


Note: 
occur only on the multiplexer channel. 


Condition Codes Set by HALT I/0 
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Underscored condition codes pertain to situations that can 


The instruction HALT I/O provides the 
program with a means of terminating an I/0 
operation before all data specified in the 
operation has been transferred or before 
the operation at the device has reached its 
normal ending point. It permits the 
program to immediately free the selector 
channel for an operation of higher 
priority. On the byte-multiplexer channel, 
HALT I/O provides a means of controlling 
real-time operations and permits the 
program to terminate data transmission ona 
communication line. 


START I/0 

SIO Da (Ba) [Ss] 

(ee ee a a ee a ee ee 
| 9c00 | Ba | Da 


eine een er Tea eee! Ee Wane Le 
0 16 20 31 


START I/O FAST RELEASE 


SIOF D(Ba) [s] 

nnn | 
| 9c01 | Bo | Da | 
a a ee 
0 16 20 31 
A write, read, read backward, control, or 
sense operation is initiated with the 


addressed I/O device and subchannel. Bits 


8-14 of the instruction are ignored. 


Either an SIO or SIOF function is 
performed, depending cn the instruction, 
the channel, and the block-nultiplexing 


control, bit 0 of control register 0. The 
instruction START I/O always causes the SIO 
function to be performed, as does START I/0 
FAST RELEASE when the block-multiplexing- 
control bit is zero. When the bit is one, 
START I/O FAST RELEASE may, depending on 


the channel, cause either the SIO or the 
SIOF function to be performed. 

Bits 16-31 of the second-operand address 
identify the channel, subchannel, and 1/0 
device to which the instruction applies. 
The CAW, at location 72, contains the 


subchannel key and the address of the first 
CCW. This CCW specifies the operation to 
be performed, the storage area to be used, 
and the action to be taken when the 


operation is completed. 


For the SIO function, the I/O operation is 
initiated at the device if the addressed 
I/O device and subchannel are available, 
the channel is available or interruption- 
pending, and errors or exce ptional 
situations have not been detected. The I/0 
operation is not initiated when the 
addressed part of the I/O system is in any 
other state oor when the channel or device 
detects any error or exceptional situations 
during execution of the instruction. 


For the SIOF function, the I/O operation is 
made pending at the subchannel if the 
subchannel is available, the channel is 
available or interruption-pending, and no 
errors or exceptional conditions are 
recognized during the execution of SIOF. 
Selection of the I/0 device may be 
performed during the execution of SIOF or 
Ray be performed later. When an  SIOF 
function is performed, initiation of the 
I/O operation at the I/0 device occurs 
logically subsequent and asynchronous’ to 
the execution of SIOF. When the I/0 
operation is not initiated at the I/0 
device during the execution of SIOF, the 
I/O operation is said to be pending at the 
subchannel until channel and _ subchannel 
facilities are available for initiation. 
When an 1/0 operation is made pending at 
the subchannel, the subchannel enters the 
working state and condition code 0 is set 
for SIOF. 


When the channel attempts to initiate the 
pending I/O operation at the I/O device, 
the detection of any error condition by the 
channel or the I/0 device causes’ the 
channel to terminate the operation. The 
detection of any exceptional condition by 


the channel or the I/0 device during the 
attempt to initiate the I/0 operation at 
the I/O device also causes the channel to 
terminate the operation. 

When the channel is available or 
interruption- pending, and the subchannel is 
available before the execution of the 
instruction, the following situations cause 


a CSW to be stored. How the CSW is stored 
depends on whether an SIO or SIOF function 
is performed. The SIO function causes the 
status portion of the CSW to be replaced by 
a new set of status bits. The status bits 
pertain to the device addressed by the 
instruction. The contents of the other 
fields of the CSW are not changed. When 
the SIOF function is performed, the first 
situation causes the same action as for the 


SIO function; also, the control-unit and 
device state may be tested, and so 
Situation 5 may cause the same action as 


for the SIO function, or situation 5 may be 
indicated in a subsequent I/O interruption 
during which the entire CSW is stored. The 
remaining situations for the SIOF function 
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indicated in a subsequent I/O 
ruption, during which the entire CSW 
ored. 

The channel detects a programming 
error in the contents of the CAW or 
detects an equipment error during 


execution of the instruction. The CSW 
identifies the error. If selection of 
the device occurred prior to detection 
of the error or if the error condition 


was detected during the’ selection of 
the device, the device status is 
indicated in the CSW. 

The channel detects a programming 
error associated with the first CCW 
Or, if channel indirect data 
addressing is’ specified, with the 


first IDAW; or, for the SIOF function, 
the channel detects an equipment error 
after completion of the instruction. 
The CSW identifies the error. If 
selection of the device occurred prior 
to detection of the error, or if the 
error condition was detected during 
the selection of the device, the 
device status is indicated in the CSW. 


An immediate operation was executed, 
and either (1) no command chaining is 
specified and no command retry occurs, 
or (2) chaining is suppressed because 
of unusual situations detected during 
the operation. In the CSW, the 
channel-end bit is one, the busy bit 
is zero, and other status may _ be 
indicated. The PCI bit is one if PCT 
was specified in the first CCW. The 
I/O operation is initiated, but no 
information has been transferred to or 
from the storage area designated by 
the CCW. No interruption conditions 
are generated at the subchannel, and 
the subchannel is available for a new 
I/O operation. If device end is not 
indicated, the device remains busy, 
and a subsequent device-end condition 
is generated. 


The I/O device is int2rruption- 
pending, or the control unit is 
interruption-pending for the addressed 
device. The CSW unit-status field 
contains one in the busy~bit position, 
identifies the interruption condition, 
and may contain other bits provided by 
the device or control unit. The 
interruption condition is cleared. 
The I/O operation iS not initiated. 
The channel-status field indicates any 
errors detected by the channel, and 
the PcI bit is one if PCI was 
specified in the first CCH. 


The I/O device or the control unit is 


executing a previously initiated 
operation, or the control unit is 
interruption-pending for a device 
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The CSW 
one in the 


other than the one addressed. 
unit-status field contains 


busy-bit position or, if the control 
unit is busy, the busy and 
status-modifier bits are ones. The 
I/O operation is not initiated. The 
channel-status field indicates any 
errors detected by the channel, and 
the PCI bit is one if specified in the 
first CCW. 

6. The I/O device or control unit 


detected an equipment or programming 
error during the initiation, or the 
addressed device is not ready. The 
CSW identifies the error. The 
channel-end and busy bitS are zeros, 
unless the device was busy, in which 
case the busy bit, as well as any bits 
causing interruption conditions, are 
ones. The interruption conditions 
indicated in the CSW have been cleared 
at the device. The I/O operation is 
not initiated. No interruption 
conditions are generated at the I/0 
device or subchannel. The PCT bit in 
the CSW is one if PCI was specified 
in the first CCW. 


When the SIO or SIOF 
executed because of a 
affects the operational capability of the 
channel or subchannel, a full cSW is 
stored. The fields in the CSW are all set 
to zeros, with the exception of the 
logout- pending bit and the 
channel-control-check bit, which are set to 
ones. No channel logout occurs in this 
case. 


function cannot be 
pending logout which 


When the SIOF function 
code 0 to be set and subsequently a 
Situation is encountered which would have 
caused a condition code 1 to be set had the 
function been SIO, a deferred-condition- 
code-1 I/o-interruption condition is 
generated. When the SIOF function causes 
condition code 0 to be set and, 
subsequently, it is determined that the 
device is not operational, a deferred- 
condition-code-3 I/0-interruption condition 
is generated. In both of the above cases, 
in the resulting I/O interruption, a full 
CSW is stored, andi the deferred condition 
code appears in the CSW. 


causes condition 


On the byte-multiplexer channel, both the 
SIO and SIOF functions cause the addressed 
device to be selected and the operation to 
be initiated only after the channel has 
serviced all outstanding requests for data 
transfer for previously initiated 
Operations. 


Program Exceptions: 


————— 





Privileged Operation 


Resulting Condition Code: 

0 1/0 operation initiated and 
channel proceeding with its 
execution 

1 CSW stored 

2 Channel or subchannel busy 

3 Not operational 

Channel | A or I {WIN 
ee ae ee epee eee 
| [213] 
Subchannel | A {I#/I# IWIN 
'-———-_----—- 


=) 

[ [2% (2$& | 2| 31 
Control Unit |All I |WIN | 
——Device -[+--—++-—_+-- 
| #| 1*0@] 1*0|3a| 


Available 
Interruption pending 
I# = Interruption pending 
addressed 


He 


for a 


I# = 

Working 

Not operational 

CSW stored 

e When a nonimmediate I/0 
and the channel iS proceeding 
condition code 0 is set. 

e When an immediate 
command chaining or command retry 
the device iS not ready, 
by the control unit or 
condition code 1 is set, 
the same circumstances, 
code 0is_ set, and 
condition is generated. 


eH eS = 


device, 


The 


I/O—interruption condition is cleared 
the CSW stored during the 


information as 
under the same conditions, 
code-—1 indication. 
rn) The SIOF function 
which case the other condition 
as a deferred condition code. 
& When the 
concluding of an I/O operation 
code 2 is set. When 
for any other reason, 
portion of the CSW is stored. 


device other 


operation has 
with 


operation has been initiated, 
is taking 
or an error 


and the CSW 
for the SIOF function, 
subsequently an 


may cause condition code 0 to 


subchannel is interruption—pending because 
at the subchannel, 
the subchannel is interruption—pending 
condition code 1 is set and the status 


The condition code set by START I/O and 
START I/O FAST RELEASE for all _ possible 
states of the I/0 system is shown in the 
figure "Condition Codes Set by START I/0 
and START I/O FAST RELEASE." See the 
section "States of the Input/Output Systen" 
in this chapter for a detailed definition 
of the A, I, W, and NW states. 


than the one 


Interruption pending for the addressed device 


been initiated, 
its execution, 


and no 
place, or 
has been detected 
the SIO function 
is stored. Under 
condition 
T/O—interruption 
stored when the 
contains the sane 
SIO function 


plus the deferred-—condition— 


be set, in 


code shown will be specified 


of the 
condition 


$ The ATX state only occurs on the multiplexer channel. 


Note: 
occur only on the multiplexer channel. 


Condition Codes Set by START I/O and START I/O FAST RELEASE 
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amming Notes 


The instruction START I/O FAST RELEASE 
has the advantage over START I/O that 
the CPU can be released after the CAW 
is fetched, rather than after 
completion of the lengthy device- 
selection procedure. Thus, the CPU is 
freed for other activity earlier. A 
disadvantage, however, is that if a 
deferred condition code is presented, 
the resultant CPU execution time may 
be greater than that required in 
executing START I/O. 


When the channel detects a programming 
error during execution of the SIO 
function, when the addressed device 
contains an interruption condition, 
and when the channel and subchannel 
are available, the instruction may or 
may not clear the interruption 
condition, depending on the type of 
error and the model. If the 
instruction has caused the device to 
be interrogated, as indicated by the 
presence of the kLusy bit in the CSW, 
the interruption condition has been 
cleared, and the CSW contains program 
or protection check, as well as_ the 
status from the device. 

Two major differences exist between 
the SIO and SIOF functions: 


immediate commands on 
(that is, those 
independent of 


Unchained 
certain channels 

which execute SIOF 
the device) result in a condition 
code 0Q for the SICF function, 
whereas condition code 1is_ set 
for the SIO function. See also 
Programming Note 2 in the section 
"Command Retry" of this chapter. 


ae 


0 is set by these 
for the SIOF 
though the 


Condition code 
certain channels 
function, even 
addressed device is not available 
or the command is rejected by the 
device. The device information 
will be supplied by means of an 
interruption. 


CHANNEL ID 


Da (Ba) 


B203 I 


mation identifying the designated 
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channel is stored in the four-byte field at 
real storage location 168. 


Bits 16-23 of the second-operand address 
identify the channel to which the 
instruction applies. Bit positions 24-31 
of the address are ignored. 





The format of the information stored at 
location 168 is: 

rO TT — 
[IType|Channel Model| Max IOEL Length| 
Ln ee ee 

0 4 16 31 

Bits 0-3 specify the channel type. Whena 


channel can operate as more than one type, 
the code stored identifies the channel type 


at the time the instruction is executed. 
The following codes are assiqned: 
Bits 

0 I 2* 3 Channel Type 

0 0 0 QO Selector 

0 0 9 1 Byte multiplexer 

0 0 1 0 Block multiplexer 

* When STIDC is executed, the setting 


of bit 2 is unpredictable when bit 3 
of the channel type code is stored 
as zero and bit 0 of control 
register 0 is (1) currently set to 
zero or (2) was set to zero when a 
previous SIO or SIOF was’ executed 
and at least one subchannel is 
currently in the working or 
interruption pending state because 
of executing the function of that 
previous SIO or SIOF. 


Bits 4-15 identify the channel model. When 
the channel model is implied by the channel 
type and the CPU model, zeros are stored in 
the field. 


Bits 16-31 contain the length in bytes of 
the longest I/0 extended logout that can be 
stored by the channel during an I/0 
interruption. If the channel never stores 
logout information using the IOEL address, 
then this field is set to zero. 


When the channel detects an 
malfunction during the execution 
CHANNEL ID, the channel causes 
portion, bits 32-47, of the CSW to be 
replaced by a new set of status bits. With 
the exception of the channel-control-check 
bit (bit 45), which is stored as a one, all 
bits inthe status field are stored as 
zeros. The contents of the other fields of 
the CSW are not changed. 


equi pment 
of STORE 
the status 


When STORE CHANNEL ID cannot be executed 
because of a pending logout which affects 
the operational capability of the channel, 


a full CSW is stored. The fields in the 


CSW are all set to zero, with the exception 
of the logout-pending bit and the channel- 
control-check bit, which are set to ones. 
No channel logout occurs in this case. 


Program Exceptions: 
Privileged Operation 
esulting Condition Code: 
0 Channel ID correctly stored 
1 CSW stored 
2 Channel 


storing ID 
3 Not operational 


activity prohibited 


The condition code set by STORE CHANNEL ID 
for all possible states of the I/O system 
is shown in the figure "Condition Codes Set 
by STORE CHANNEL ID." See "States of the 
Input/Output Systen" for a detailed 
definition of the A, I, ¥W, and N states. 


Channel| A 





Available 
Interruption pending 
Working 

Not operational 


4 He 


unable to store 
of its working 


e When the channel is 
the channel ID because 
state or because it contains a 
pending—interruption condition, 
condition code 2 is set. If the 
working or interruption—pending state 
does not preclude the storing of the 
channel ID, condition code 0 is set. 


Condition Codes Set by STORE CHANNEL ID 


TEST CHANNEL 





TCH Da (Bs) [Ss] 

poe ee To oo se 
| 9FO00 | Ba | Da | 
Sh hee 
0 16 20 31 
The condition code in the PSW is set to 
indicate the state of the addressed 
channel. The state of the channel is not 
affected, and no action is caused. Bits 


8-14 of the inStruction are ignored. 


Bits 16-23 of the seccnd-operand address 
identify the channel to which the 
instruction applies. Bit positions 24-31 


of the address are ignored. 


The instruction TEST CHANNEL inspects only 
the state of the addressed channel. It 
tests whether the channel is operating in 
the burst mode, is interruption-pending, or 
is not operational. When the channel is 
operating in the burst mode and contains an 
interruption condition, the condition code 
is set as for operation in the burst mode. 
When none of these situations exist, the 
available state is indicated. No device is 
selected, and, on the multiplexer channel, 
the subchannels are not interrogated. 


Program Exceptions: 
Privileged Operation 


Resulting Condition Code: 


——omy — —_— 





0 Channel available 

1 Interruption or logout 
in channel 

Channel operating in burst mode 
Channel not operational 


condition 


lw NO 


The condition code set by TEST CHANNEL for 


all possible states of the addressed 
channel is shown in the figure "Condition 
Codes Set by TEST CHANNEL." See the 


section "States of the Input/Output Systen" 
in this chapter for a detailed definition 
of the A, I, W, and N states. 


Channel| A { I | Wi Ni 
———— 
[ 0 [ 1 2] 31] 

A Available 

I Interruption pending 

W Working 

N Not operational 


Condition Codes Set by TEST CHANNEL 


TEST I/0 

TIO Da (Ba) CS] 

F —" 

| 9D00 | Bs | Da | 
He Le ee Se I 

0 16 20 31 

The state of the addressed channel, 


subchannel, and device is 
setting the condition code 
in certain situations, by storing the CSW. 
Interruption conditions may be cleared. 
Bits 8-14 of the instruction are ignored. 


indicated by 
in the PSW and, 


Chapter 12. Input/Output Operations 12-29 


Bits 16-31 of the second-operand address 
identify the channel, subchannel, and I/0 
device to which the instruction applies. 


The TIO function is 
instruction TEST I/O and, 
and under certain circumstances, 
I/O. 


performed by the 
on some channels 
by CLEAR 


When the channel is operating in burst mode 
and the addressed subchannel contains an 


interruption condition for the addressed 
device, the TIO function causes condition 
code 1 or 2 to be set, depending on the 


model and channel type. If condition code 
1 is set, the CSW is stored at location 64 
to identify the interruption condition, and 
the interruption condition is cleared. The 
interruption condition in the subchannel is 
not cleared, and the CSW is not’ stored if 


the channel is working and has not yet 
accepted the status causing the 
interruption condition from the device. 


Condition code 2 is set in this case. 


either available or 
and the addressed 


When the channel is 
interruption- pending 

subchannel is either interruption-pending 
for a different device or working, the TIO 
function causes condition code 2 to be set. 


situations described in 
the following tWo paragraphs occurs with 
the channel either available or 
interruption-pending or, on some channels, 
working, the TIO function causes the CSW to 
be stored. The contents of the entire CSW 
pertain to the I/O device addressed by the 
instruction. 


When either of the 


1. The subchannel is interruption-pending 
for the addressed device and the 
interruption condition is due to the 
termination of an I/O operation at the 
subchannel. When the CSW is stored, 
the interruption condition is cleared. 
The subchannel key, CCW address, and 
count fields contain the final values 
for the I/O operation. The unit- 
status and/or channel-status fields 
contain indications provided by the 
device or channel respectively, which 
identify the interruption condition 
and any other conditions detected by 
the channel or device. 


2. The subchannel is interruption-pending 
for the addressed device and the 
interruption condition is due to the 
termination of an I/O operation at the 
device, due to a status indication 
generated by the control unit or 
device after the termination of an I/0 
operation at the subchannel, or due to 
a status indication Which is not 
associated with any I/0 operation. 
When the CSW is stored, the 
interruption condition is cleared. 
The subchannel key, CCW address, and 
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count fields are stored as zeros. The 
unit-status field contains indications 
provided by the device which identify 


the interruption condition. The 
channel-status field contains zeros 
unless a channel equipment error is 
detected. 


When any of the following situations occurs 
with the channel either available or 
interruption- pending, the TIO function 
causes the CSW to be stored. The contents 
of the entire CSW pertain to the I/O device 
addressed by the instruction. 


1. The subchannel is available, and the 
I/O device contains an interruption 
condition or the control unit contains 
control-unit end for the addressed 
device. The CSW unit-status field 
identifies the interruption condition 
and may contain other bits provided by 


the device or control unit. The 
interruption condition is cleared. 
The busy bit in the CSW is zero. The 


other fields of the CSW contain zeros 

unless an equipment error is detected. 
2- The subchannel is available, and the 
I/O device or the control unit is 
executing a previously initiated 
operation or the control unit has an 
interruption condition associated with 
a device other than the one addressed. 
The CSW unit-status field contains one 


in the pbusy-bit position or, if the 
control unit is busy, the busy and 
status-modifier bits are ones. Other 


fields of the CSW contain zeros unless 
an equipment error is detected. 


3. The subchannel 
I/O device or 
equipment error during 
the instruction or 
device is not ready 
any interruption 
identifies the 
is not ready, 


is available, and the 
Channel detected an 

execution of 
the addressed 
and does not have 

condition. The CSW 
error. If the device 
unit check is indicated. 


No interruption conditions are 
generated at the I/0 device or the 
subchannel. 


When TEST I/O cannot be executed because of 


a pending logout which affects the 
operational capability of the channel or 
subchannel, a full CSW is’ stored. The 
fields in the CSW areall set to zeros, 
With the exception of the logout-pending 
bit and the channel-control-check bit, 


which are set to ones. No channel logout 
is associated with this status. 


When the TIO function is used to clear an 
interruption condition signaling conclusion 
of an I/0 operation at the subchannel and 
the channel has not yet accepted the 
condition from the device, the function 
causes the device to be selected and the 


interruption condition in the device to be 
cleared. During certain I/0 operations, 
some types of devices cannot provide their 
current status in response to TEST I/0. 
Some magnetic-tape control units, for 
example, are in such a state when they have 
provided channel end and are executing the 
backspace-file operation. When TEST I/O is 
issued to a control unit in such a state, 
the unit-status field of the CSW has the 
busy and status-modifier bits set to ones, 
with zeros in the other CSW fields. The 
interruption condition in the device and in 
the subchannel is not cleared. 


the device never 
in response to 


On some types of devices, 
provides its current status 


TEST I/O, and an interruption condition can 
be cleared only by permitting an I/0 
interruption. When TEST IvO is issued to 
such a device, the unit-status field has 
the status-modifier bit set to one, with 
zeros in the other CSW fields. The 


interruption condition in the device and in 
the subchannel, if any, is not cleared. 


However, by the time the channel assigns 
the highest priority for interruptions to a 
condition associated with an operation at 
the subchannel, the channel haS accepted 
the status from the device and cleared the 


corresponding condition at the device. 
Some channels accept and clear an 
interruption condition siqnaling the 
conclusion of an I/0 operation at _ the 
subchannel from tke device before it is 
assigned the highest priority for 
interruptions. Other channels may accept 
and clear any type of interruption 
condition from the device prior to 
assigning it the highest priority for 
interruptions. The acceptance of an 


interruption condition from a device causes 


the associated subchannel to enter the 
interruption-pending state. When the 
channel recognizes an interruption 
condition Signaling the conclusion of an 
I/O operation at the subchannel, the 
associated subchannel enters the 
interruption-pending state even when the 
interruption condition has not yet been 


accepted from the device. 


When the TIO function is addressed to a 
device for which the channel has’ already 
accepted the interruption condition, the 


device is not selected, and the condition 
in the subchannel is cleared regardless of 
the type of device and its present state. 
The CSW contains unit status and other 
information associated with the 
interruption condition. 


On the byte-multiplexer channel, the TIO 
function causes the addressed device to be 


selected only after the channel has 
serviced all outstanding requests for data 
transfer for previously initiated 
operations. 


Program Exceptions: 
Privileged Operation 


Resulting Condition Code: 
0 Available 
1 CSW stored 
2 Channel or subchannel busy 
3 Not operational 


The condition code set by the TIO function 
for all possible states of the I/0 system 
is shown in the figure "Condition Codes Set 
by TEST T/0." See the section “States of 
the Input/Output System" in this chapter 
for a detailed definition of the A, I, W, 
and N states. 
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Channel [ A | 

as 

{ { 
Subchannel | A [I#,I#|WI NI A 

{ 12 11* 12131 
Control Unit {AII TW INI JAII (IW INI 
—Device -+—_+—_ +H 

{O,1* | 1* | 3] {O| #1 1* 13] 


A Available 
I Interruption pending 
I#¥ = Interruption pending for a 
addressed 


device 


| W# | WHI N] 


$+ + 4H 


| 12 13] 


[I#[I# |WIN A] C#| Lk WI NI 


—t—t+-+H 
11* 2131212 1@ 12121 


other than the one 


I# = Interruption pending for the addressed device 


W Working 


W# = Working with a device other than the one addressed 


W# = Working with the addressed device 


N Not operational 
* CSW stored 
@ In the W#I#X state, either condition code 1 may be set with the 
CSW stored, or condition code 2 may be set, depending on the 
channel and the activity in the channel. 
Note: Underscored condition codes pertain to situations that can 
occur only on the multiplexer channel. 
Condition Codes Set hy TEST I/0 
Programming Notes loops may be used to return ending 
status to a sense command when that 
command was initiated by a START I/0 
1. Disabling the CPU for Ir /O that received condition code 0. TEST 
interruptions provides the program I/O loops under other conditions may 


with a means of controlling the 
priority of I/O interruptions 
selectively by channels. The priority 
of devices attached on ae channel 
cannot be controlled by the progran. 
The instruction TEST I/O in some cases 
pernits the program to clear 
interruption conditions selectively by 
I/O device. 


2. When a CSW is stored by the Tio 
function, the interface-control-check 


and channel-control-check indications 
may be due to an interruption 
condition already existing in the 


channel or may be due to an 
interruption condition created by the 


TIO function. Similarly, the 
unit-check bit set to one with the 
channel-end, control-unit-end, or 


device-end bits set to zeros may be 
due to a situation created by the 
preceding operation, the I/0 device 
being not ready, or an equipment error 
detected during the execution of TEST 


I/O. The instruction TEST I/O cannot 
be used to clear an interruption 
condition due to the PCI flaq while 


the subchannel is working. 


3. The use of aTEST I/0 loop on a 
multiplexer channel to retrieve ending 
status for a channel program should, 
in general, be avoided. TEST I/0 
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result in hang conditions. 


INPUT/OUTPUT- INSTRUC TION-EXCEPTION HANDLING 


Before the channel is signaled to execute 


an I/0 instruction, the instruction is 
tested for validity by the CPU. 
Exceptional situations detected at this 


time cause a program interruption. 


The following exception may cause a program 
interruption: 
instruction 


Privileged Operation: An I/0 


is encountered when the CPU is in the 
problen state. The instruction is 
suppressed before the channel has_ been 
Signaled to execute it. The CSW, the 


condition code in the PSW, and the state of 
the addressed subchannel and I/O device are 
not affected by the attempt to execute an 
I/O instruction while in the problem state. 


EXECUTION OF 


NPUT/OUTPUT OPERATIONS 


The channel can execute six commands: 
write, read, read backward, control, sense, 
and transfer in channel. Fach command 


J 


except transfer in channel initiates a 
corresponding I/O operation. The term "I/0 
operation" refers to the activity initiated 
by a command in the I/0 device and 
associated subchannel. The subchannel is 
involved with the execution of the 


operation from the initiation of the 
command until the channel-end signal is 
received or, in the case of command 
chaining, until the device-end signal is 
received. The operation in the device 
lasts until device end is signaled. 
BLOCKING OF DATA 

Data recorded by anI/0O device may be 


divided into blocks. The length of a block 
depends on the device; for example, a block 
can be a card, a line of printing, or the 
information recorded between two 
consecutive gaps on magnetic tape. 

The maximum amount of information that can 
be transferred in one I/0 operation is one 
block. An I/O operation is terminated when 
the associated storage area is exhausted or 
the end of the block is reached, whichever 
occurs first. For some operations, such as 


writing on a magqnetic-tape unit or at an 
inquiry station, blocks are not defined, 
and the amount of information transferred 


is controlled only by the progran. 


CHANNEL-ADDRESS WORD 


The channel-address word (CAW) 
the subchannel key and the address 
first CCW associated with 
START I/O FAST RELEASE. 
to the CAW only during the execution of 
START I/O or START I/O FAST RELEASE. The 
CAW is fetched from real storage location 
72 of the CPU issuing the instruction. The 
pertinent information thereafter is stored 
in the subchannel, and the program is free 
to change the contents of the CAW. 
Fetching of the CAW by the channel does not 
affect the contents of the location. 


specifies 
of the 
START I/0 or 
The channel refers 


The CAW has the following format: 


ee 
|Key| 0000| CCW Address | 


a ea 
0 4 8 31 


The fields in the CAW are allocated for the 
following purposes: 


Ss nel Bits 0-3 forn 
key for all fetching of CCWs, IDAWs, and 
output data and for the storing of input 
data associated with START I/0 and START 


the access 


This key is matched with 
a storage key during these storage 
references. For details, see the section 
"Key-Controlled Protection" in Chapter 3, 
"Storage." 


I/O FAST RELEASE. 


CccW Address: Bits 8-31 designate the 
location of the first CCW in absolute 
storage. 


Bit positions 4-7 of the CAW must contain 
zeros. The three low-order bits of the CCW 
address must be zeros to specify the CCW on 
integral boundaries for doublewords. If 


any of these restrictions is violated, or 
if the CCW address specifies a storage 
location which is not provided or is 
protected against fetching, START I/O and, 
in some cases, START I/O FAST RELEASE, 
cause the status portion of the CSW _ to be 
stored, with the protection-check Or 


program-check bit set to one. In this 
event, the I/O operation is not initiated. 


Programming Note 


‘ete 





Bit positions 4-7 of the CAW, which 
presently must contain zeros, may in_ the 
future be assigned to the control of new 
functions. It is, therefore, recommended 


that these bit positions not be set to ones 
for the purpose of obtaining an intentional 
program-check indication. 


CHANNEL-COMMAND WORD 


The channel-command word (CCW) specifies 
the command to be executed and, for 
commands initiating I/0 operations, it 
designates the storage area associated with 


the operation andthe action to be taken 
whenever transfer to or from the area is 
completed. The cCCWs can be located 


anywhere in storage, and more than one can 
be associated with a START I/O or START I/0 
FAST RELEASE. 


The first CCW is fetched during the 
execution of START I/O or START I/O FAST 
RELEASE being executed as START I/O. When 
START I/o FAST RELEASE is executed 


independent of the device, the first CCW 
may be fetched subsequent to the execution 
of START I/O FAST RELEASE. Each additional 
ccW in the sequence is obtained when the 
operation has progressed to the point where 
the additional CCW is needed. Fetching of 
the CCWs by the channel does not affect the 
contents of the location in storage. 
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The CCW has the following format: 





pa acti 
|}Cmd Code| Data Address | 
een eee 
0 8 31 
GE pn pg Ce ee ene men ee eS ee 
[Flags |00\////////| Count | 
Le 

32 38 40 us 63 


The fields in the CCW are allocated for the 
following purposes: 


Command Code: Bits 0-7 
operation to be performed. 


specify the 


Data Address: Bits 8-31 specify a location 
in absolute storage. It is the first 
location referred to in the area designated 
by the CCW. 
Chain-Data (CD) Flag: Bit 32, when one, 
specifies chaining of data. It causes the 
storage area designated by the next CCW to 
be used with the current operation. 


Chain-Command (CC) Flag: Bit 33, when one, 
and when the CD flag is zero, specifies 
chaining of commands. It causes the 
operation specified by the command code in 
the next CCW to be initiated on normal 
completion of the current operation. 


Suppress-Length-Indication (SII) Flag: Bit 
34 controls whether incorrect-length is to 
be indicated to the program. When this bit 
is one and the CD flag is zero, the 
incorrect-length indication is suppressed. 
When both the CC and SLI flags are _ one, 
command chaining takes place regardless of 
any incorrect-length situation. 


Skip (SKIP) 
specifies suppression of 
information to storage during 
backward, or sense operation. 


Flag: Bit 35, when one, 
the transfer of 
a read, read 


Program-Controlled-Interruption (PCI) Flaq: 
Bit 36, when one, causes the channel to 
generate an interruption condition when the 
CCW takes control of the channel. When bit 
36 is zero, normal operation takes place. 


Indirect-Data-Address (IDA) Flag: Bit 37, 
when one, specifies indirect data 
addressing. 


Count: Bits 48-63 specify the number of 
bytes in the storage area designated by the 
CCW. 


Bit positions 38-39 of every CCW other than 
one specifying transfer in channel must 
contain zeros. Otherwise, a program-check 
condition is generated. When the first CCW 
designated by the CAW does not contain 
zeros in bit positions 38-39, the I/0 
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and the status 
the CSW with the program-check 
is stored during execution of 
START I/O or START I/O FAST RELEASE being 
executed as START I/O. Detection of this 
condition during data chaining causes the 
I/O device to be signaled to conclude the 
operation. When the absence of these zeros 


operation is not initiated, 
portion of 
indication 


is detected during command chaining or 
subsequent to the execution of START I/0 
FAST RELEASE, the new operation is not 


initiated, and an interruption condition is 
generated. 


The contents of bit positions 40-47 of the 


CCW are ignored. 


Programming Note 


Bit positions 38-39 of the CCW, which 
presently must contain zeros, may in the 
future be assigned to the control of new 
functions. It is recommended, therefore, 


that these bit positions not be set to ones 
for the purpose of obtaining an intentional 
program-check indication. 


COMMAND CODE 


The command code, bit positions 0-7 of the 


CCW, specifies to the channel and the I/0 
device the operation to be performed. A 
detailed description of each command 


appears under "Commands." 


The two low-order bits or, when these bits 
are 00, the four low-order bits of the 
command code identify the operation to the 
channel. The channel distinguishes among 
the following four operations: 


Output forward (write, control) 

Input forward (read, sense) 

Input backward (read backward) 

Branching (transfer in channel) 
The channel ignores the high-order bits of 
the command code. 


Commands that initiate I/70 
(write, read, read backward, control, 
sense, and sense ID) cause all eight bits 
of the command code to be transferred to 
the I/O device. In these command codes, 
the leftmost bit positions contain modifier 
bits. The modifier bits specify to the 
device how the command is to be executed. 
They may, for example, cause the device to 


operations 


compare data received during a write 
operation with data previously recorded, 
and they may specify such information as 


parity. For the 
modifier bits may 


recording density and 
control command, the 


J 


contain the order code specifying the 
control function to be _ performed. The 
meaning of the modifier bits depends on the 
type of I/0 device and is specified in the 
SL publication for the device. 


The command-code assignment is listed in 
the following table. The symbol x 
indicates that the bit position is ignored; 
M identifies a modifier bit. 


Ra ee ye ee ge 
| Code | Command | 
== SSS 
| Xxxx 0000 {| Invalid | 
| MMMM MMO1 | Write | 
| MMMM MM10 | Read | 
| MMMM 1100 | Read Backward | 
| MMMM MM117 | Control | 
| MMMM 0100 | Sense | 
| 1110 0100 | Sense ID | 
| XXXX 1000 | Transfer in Channel| 
eae Aeron 2 gi ss ees = 
Whenever the channel detects an invalid 
command code during the initiation of a 
command, a program check is’ generated. 
When the first CCW designated by the CAwW 
contains an invalid command code, the 
Status portion of the CSW with the 


program-check indication is stored during 
execution of START I/O or START I/0 FAST 
RELEASE being executed as START I/O. When 
the invalid code is detected during command 
chaining or subsequent to the execution of 
START I/O FAST RELEASE, the new operation 
is not initiated, and an interruption 
condition is generated. The command code 
is ignored during data chaining, unless it 
specifies transfer in channel. 


DESIGNATION OF STORAGE AREA 


The storage area associated with an I/0 
operation is defined by one or’ more CCWs. 
A CCW defines an area by specifying the 


address of the first byte to be transferred 
and the number of consecutive bytes 
contained in the area. The address of the 
first byte appears in the data-address 
field of the CCW, except when channel 
indirect data addressing is specified. 
Channel indirect deta addressing is 
described in the section "Channel Indirect 
Data Addressing." The number of bytes 
contained in the storage area is specified 
in the count field. 


In write, read, control, and sense 
operations, storage locations are used in 
ascending order of addresses. As 


information is transferred to or fron 
storage, the address from the address field 


is incremented, and the count from the 
count field is decremented. The 
read-backward operation places data in 


storage in a descending order of addresses, 
and both the count and the address are 


decremented. When the count reaches zero, 
the storage area defined by the CCW is 
exhausted. 


Any storage location that is provided can 
be used in the transfer of data to or fron 
an I/0 device if the location is not 
protected against the type of reference. 
Similarly, a CCW can be located in any part 
of storage if the location is not protected 
against a fetch-type reference. 


When the first CCW is designated by the CAW 
as being at a storage location that is not 
provided, the I/O operation is not 
initiated, and the status portion of the 
CSW with the program-check indication is 
stored during the execution of START I/O or 
START I/O FAST RELEASE being executed as 
START I/O. When, subsequently, during the 
operation or chain of operations, the 
channel refers toa storage location that 
is not provided, an interruption condition 
indicating program check is generated, and 
the device is signaled to terminate the 
operation. 


When the first CCW designated by the CAW is 
in a location that is protected against a 
fetch-type reference, the I/O operation is 
not initiated, andthe status portion of 
the CSW with the protec tion-check 
indication is stored during the execution 
of START I/O or START I/0 FAST RELEASE 
being executed as START I/0. When, 
Subsequently, during the I/O operation or 
chain of operations, the channel refers to 
a protected location, an interruption 
condition indicating protection check is 
generated, and the device is signaled _ to 
terminate the operation. 


During an output operation, the channel may 
fetch data from storage before the time the 
I/O device requests the data. Any number 
of bytes specified by the current CCW may 
thus be prefetched. When data chaining 
during an output operation, the channel may 
prefetch the next CCW at any time during 
the execution of the current CCW. 

Prefetching may cause the channel to refer 
to storage locations that are protected or 
not provided. Such errors detected during 
prefetching of data or CCWs do not affect 
the execution of the operation and do not 
cause error indications until the I/0 
operation actually attempts to use the data 
or until the CCW takes control. If the 
Operation is concluded by the I/O device or 
by HALT I/0, HALT DEVICE, or CLEAR I/0 


before the invalid information is needed, 
no program check or protection check is 
generated. 


The count field in the CCW can specify any 
number of bytes from one to 65,535. Except 
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for a CCW specifying transfer 
which has no count field, the 


in channel, 
count field 


may not contain the value zero. Whenever 
the count field in the CCW initially 
contains a zero, a program check is 
generated. When this occurs in the first 


CCW designated by the CAW, the operation is 
not initiated, and the status portion of 
the CSW with the program-check indication 
is stored during execution of START I/O or 
START I/O FAST RELEASE being executed as 
START I/O. When a count of zero is 
detected during data chaining, the I/0 


device is signaled to terminate the 
operation. Detection of a count of zero 
during command chaining or subSequent' to 


the execution of START I/O FAST RELEASE 
Suppresses initiation of the new operation 
and generates an interruption condition. 


CHAINING 


When the channel has performed the transfer 
of information specified by a CCW, it can 
continue the activity initiated by START 
I/O or START I/O FAST RELEASE by fetching a 
new CCW. Such fetching of a new CCW is 
called chaining, and the CCWs belonging to 
such a Sequence are said to be chained. 

Chaining takes place between CCWs located 
in successive doubleword locations in 
storage. It proceeds in an ascending order 
of addresses; that is, the address of the 
new CCW is obtained by adding 8 to the 
address of the current CCW. Two chains of 
CCWs located in noncontiguous storage areas 
can be coupled for chaining purposes by a 
transfer-in-channel command. All CCWs ina 
chain apply to the I/0 device specified in 


the original START I/O or START I/O FAST 
RELEASE. 
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Two types of chaining are 
chaining of data and 


provided: 
chaining of commands. 
Chaining is controlled by the chain-data 
(CD) and chain-command (CC) flags in 
conjunction with the suppress-length- 
indication (SLI) flag in the CCW. These 
flags specify the action to be taken by the 
channel upon the exhaustion of the current 
CcW and upon receipt of ending status from 


the device, as shown in the figure 
"Channel-Chaining Action." 
The specification of Chaining is 


effectively propagated through a transfer- 
in-channel. command. When in the process of 
chaining a transfer-in-channel command is 
fetched, the CCW designated by the transfer 
in channel is used for the type of chaining 
specified in the CCW preceding the transfer 
in channel. The CD and cCC flags are 


ignored in the transfer-in-channel command. 


Note: For a description 
area associated with a 
indirect data addressing is invoked, see 
the section "Channel Indirect Data 
Addressing" later in this chapter. 


of the storage 
CCW when’ channel 


SSS See ee 
| | Action in Channel upon Exhaustion of Count | 


|Flags in | or Receipt of Channel End | 
{current -————————_—__ _—— — 
|CCW | | Regular Operation | 
ee SO jeenEnan:| -————_-————————- —_ —__—__—- er OST 
|CDJ|CC| SLI| Immediate Operation| I | II | III | 
-—+—_+—_-__-__—-__---—_- + 

| OF O| O JEnd, NIL |IStop, IL [End, NIL JEnd, IL | 
{| O|} O| 1 |{End, NIL |Stop, NIL JEnd, NIL [End, NIL | 
| O| 1] O | Chain Command istop, IL {Chain command[End, IL | 
| OF 1{ 1 {Chain Command {Chain command|Chain command|Chain command | 
r to | | | ( | 
1 11 Of O |End, NIL {Chain Data | * JEnd, IL | 
| 11 Of 1 |End, NIL {Chain Data | * JEnd, IL | 
| 1{ 1[ O | End, NIL {Chain Data | * |}End, IL [ 
{! 1] 11 1 |End, NIL |Chain Data | * (End, IL { 
Ca a ee ed 
Explanation: 

I Count exhausted, end of block at device not reached. 

II Count exhausted and channel end from device. 

III Count not exhausted and channel end from device. 

End The operation is terminated. If the operation is 
immediate and has been specified by the first CCW 
associated with a START I/O, a condition code 1 is set, 
and the status portion of the CSW is stored as part of 
the execution cf the START I/vC. In all other cases, an 
interruption ccndition is generated in the seubchannel. 

Stop The device is signaled to terminate data transfer, but 
the subchannel remains in the working state until 
channel end is received; at this time an interruption 
condition is generated in the subchannel. 

IL Incorrect length is indicated with the interruption 
condition. 

NIL Incorrect length is not indicated. 


Chain command The channel performs command chaining upon receipt of 
device end. 


Chain data The channel immediately fetches a new CCW for the’ same 
operation. 

* The situation where the residual count iS zero but data 
chaining is indicated at the time the device provides 
channel end cannot validly occur. When data chaining 


is indicated, the channel fetches the new CCW after 
transferring the last byte of data designated by the 
current CCW but before the device provides the next 
request for data or status transfer. As a result, the 
channel recognizes the channel end from the device only 
after it has fetched the new CCW, which cannot contain 
a count of zero unleSs a programming error has_ been 
made. 


Channel—Chaining Action 
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Data Chaining 


CCW fetched 
storage area 


During data chaining, the new 
by the channel defines a new 
for the original I/O operation. Execution 
of the operation at the I/O device is not 
affected. When all data designated by the 
current CCW has been transferred to storage 
or to the device, data chaining causes the 


operation to continue, using the storage 
area designated by the new CCW. The 
contents of the command-code field of the 
new CCW are ignored, unless they specify 
transfer in channel. 

Data chaining is considered to occur 
immediately after the last byte of data 
designated by the current CCW has_ been 
transferred to storage or to the device. 


When the last byte of the transfer has been 
placed in storage or accepted by the 
device, the new CCW takes over the control 
of the operation and replaces the pertinent 
information in the subchannel. If the 
device signals channel end after exhausting 
the count of the current CCW but before 
transferring any data to or from the 
storage area designated by the new CCW, the 
CSW associated with the concluded operation 
pertains to the new CCW. 


If programming errors are detected in the 
new CCW or during its fetching, the error 
indication is generated, and the device is 
Signaled to conclude the operation when it 
attempts to transfer data designated by the 
new CCW. If the device signals channel end 
after the new CCW takes control but before 
transferring any data designated by the new 
CCW, program check or protection check is 


indicated in the CSW associated with the 
termination. The contents of the CSW 
pertain to the new CCW unless a proaran 
check or protection check is generated 
while fetching the new CCW or while 
fetching Or executing an intervening 
trans fer-in-channel command. A data 


address which causes a program check or 
protection check gives an error indication 
only after the I/O device has attempted to 


transfer data to or from the addressed 
storage location. 

Data chaining during an input operation 
causes the new CCW to ke fetched when all 


current CCW has been 
an output operation, 


data designated by the 
placed in storage. On 


the channel may fetch the new CCW from 
storage ahead of the time data chaining 
occurs, Any programming errors in a 


not affect the 
all data 
has been 


prefetched CCW, however, do 
execution of the operation until 
designated by the current CCW 

transferred to the I/O device. If the 
device concludes the operation before all 
data designated by the current CCW has been 
transferred or if data chaining is 
suppressed for any other reason, the errors 
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associated with the prefetched CCW are not 
indicated to the progran. 


Only one CCW describing a data area may be 


prefetched. If the prefetched CCW 
specifies transfer in channel, only one 
more CCW may be fetched before the 


exhaustion of the current CCW. 


Programming Notes 


1. Data chaining may be used to rearrange 
data as it is transferred between 
storage and an I/O device. Data 
chaining permits data to be 
transferred to or from noncontiguous 
areas of storage, and, when used in 
conjunction with the skipping function 


(see the section "Skipping" later in 
this chapter), data chaining enables 
the program to place in storage 


selected portions of a block of data. 


the 
to a 


When, during an input operation, 
program specifies data chaining 
location into which data has. been 
placed under the control of the 
current CCW, the channel, in fetching 
the next CCW, fetches the new contents 
of the location. This is true even if 
the location contains the last byte 
transferred under the control of the 
current CCH. When, on input, a 
channel program data-chains to a CCW 
placed in storage by the ccWw 
specifying data chaining, the block is 
said to be self-describing. A 
self-describing block contains one or 
more CCWs that specify storage 
locations and counts for subsequent 
data in the same block. 


The use of self-describing blocks is 
equivalent to the use of unchecked 
data. An I/0 data-transfer 
malfunction that affects validity of a 
block is Signaled only at the 
completion of data transfer. The 
error normally does not prematurely 
terminate or otherwise affect the 
execution of the operation. Thus, 


there is no asSurance that a CCW read 
as data is valid until the operation 
is completed. If the CCW is in error, 
the use of the CCW in the current 
operation may cause subsequent data to 


be placed in wrong storage locations 
with resultant destruction of the 
contents of those locations. 

2. When, during data chaining, an I/0 
device transfers data by using the 
data-streaming feature, an overrun or 
chaining-check condition may be 
recognized when a small byte-count 
value is specified in the CCW. The 


acceptable number of bytes 
that can be specified varies as a 
function of the system model and 
system activity. Refer to the 
appropriate channel SL_ publication of 
the using system to determine the most 
reasonable minimum byte count that can 
be handled by the channel. 


ninimum 


et ee es — =. 


During command chaining, the new CCW 
fetched by the channel specifies a new I/0 
operation. The channel fetches the new CCW 


and initiates the new operation upon 
receipt of the device-end signal for the 
current operation. When command chaining 


takes place, the completion of the current 
operation does not generate an interruption 
condition, and the count indicating the 
amount of data transferred during the 
current operation is not made available to 
the proqram. For operations involving data 
transfer, the new command always applies to 
the next block at the device. 


and the new 
no unusual 


Command chaining 
operation is initiated only if 
Situations have been detected in the 
current operation. In particular, the 
channel initiates a new I/C operation by 
command chaining upon receipt of a status 
byte signaling one of the following status 
combinations: device end, device end and 
Status modifier, device end and channel 
end, device end and channel end and status 
modifier. In the former two cases, channel 
end must have been signaled before device 
end, with all other status bits set to 
zeros. If status such as attention, unit 
check, unit exception, incorrect length, 
program check, or protection check has 
occurred, the sequence of operations is 
concluded, and the status associated with 
the current Operation causes an 
interruption condition to be generated. 
The new CCW in this case is not fetched. 
Incorrect length does not suppress command 
chaining if the current CCW has the SLI 
flag set to one. 


takes place 


An exception to sequential chaining of CCWs 
occurs when the I/O device presents status 
modifier with device end. When no unusual 
conditions have been detected and command 
chaining is specified or when command retry 
has been previously Signaled and an 
immediate retry could not be performed, the 
combination of status modifier and device 
end causes the channel to alter the 
sequential execution of CCWs. If command 
chaining was specified, status modifier and 
device end cause the channel to chain to 
the CCW whose storage address is 16 higher 


than that of the CCW that specified 
chaining. If command retry was previously 
Signaled and immediate retry could not be 
performed, the status causes the channel to 
command-chain to the CCW whose’ storage 
address is 8 higher than that of the CCW 


for which retry was initially signaled. 


When 
used, 


both command and data chaining are 

the first CCW associated with the 
operation specifies the operation to be 
executed, and the last CCW indicates 
whether another operation follows. 


Programming Note 


Command chaining makes it possible for the 
program to initiate transfer of multiple 
blocks by means of a single START I/0 or 
START I/O FAST RELEASE. It also permits a 
subchannel to be set up for’ the execution 
of auxiliary functions, such as positioning 


the disk-~access mechanisn, and for 
data~transfer operations without 
interference by the program at the end of 
each operation. Command chaining, in 
conjunction with the status-modifier 
condition, permits the channel to modify 
the normal sequence of operations in 
response to signals provided by the I/0 
device. 

SKIPPING 


Skipping causes the 
references during an I/0 
defined only 
sense operations 


suppression of storage 
operation. It is 
for read, read backward, and 
and is controlled by the 
skip flag, which can be specified 
individually for each CCW. When the skip 
flag is one, skipping occurs; when zero, 
normal operation takes place. The setting 
of the skip flag is ignored in all other 
operations. 
Skipping affects only the handling of 
information by the channel. The operation 
at the I/O device proceeds normally, and 
information is transferred to the channel. 
The channel keeps updating the count but 
does not place the information in storage. 
Chaining is not precluded by skipping. In 
the case of data chaining, normal operation 
is resumed if the skip flag in the new CCW 
is zero. 

When the skip flag is set to one, the data 
address in the CCW is not checked. 
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Programming Note 


Skipping, when combined with data chaining, 
permits the program to place in storage 
selected portions of a block from an 1I/0 
device. 


PROGRAM-CONTROLLED INTFRRUPTION 


The program-controlled-interruption (PCT) 
function permits the program to cause an 
I/O interruption during the execution of an 
I/O operation. The function is controlled 
by the PCI flag in the CCW. The flag can 
be on either in the first CCW specified by 
START I/0 or START I/O FAST RELEASE or ina 
CcW fetched during chaining. Neither the 
PCI flag nor the associated interruption 
affects the execution of the current 
operation. 


Whenever the PCI flag in the CCW is one, an 
interruption condition is generated in the 
channel. When the first CCW associated 
with an operation contains the PCI flag, 
either initially or upon command chaining, 
the interruption may occur as early as 
immediately upon the initiation of the 
operation. The PCI flag in a CCW fetched 
on data chaining causes the interruption to 
occur after all data designated by the 
preceding CCW has’7 been transferred. The 
time of the interruption, however, depends 
on the model and the current activity in 
the system and may be delayed even if I/0 
interruptions are allowed. No predictable 
relationship exists between the time the 
interruption due to the PCI flag occurs and 
the progress of data transfer to or fron 
the area designated by the CCW, but the 
fields within the CSW pertain to the same 
instant of time. 


If chaining occurs before the interruption 
due to the PCI flag has taken place, the 
PCI interruption condition is carried over 
to the new CCW. This carryover occurs both 
on data and command chaining and, in either 
case, the interruption condition is 
propagated through the transfer-in-channel 
command. The interruption conditions due 
to the PCI flags are not stacked; that is, 
if another CCW is fetched with a PCI flag 
before the interruption due to the PCI flag 
of the previous CCW has occurred, only one 
interruption takes place. 


A CSW containing the PCI bit set to one may 
be stored by an interruption while the 
operation is still proceeding or by an 
interruption, TEST I/0, or CLEAR I/O upon 
the termination of the operation. A CSW 
cannot be stored by TEST I/0 while the 
subchannel is in the working state. 
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When the CSW is stored by an interruption 
before the operation or chain of operations 
has been concluded, the CCW address is 8 
greater than the address of the current 
CcW, and the count is unpredictable. All 
unit-status bits in the CSW are zero. If 
the channel has detected any unusual 
situations, such as channel-data check, 
program check, or protection check by the 
time the interruption occurs, the 
corresponding channel-status bit is one, 
although the status in the subchannel is 
not reset and is indicated again upon the 
termination of the operation. 


in the CSW 
or chain of 
The CSW in 

with the 


A unit-status bit set to one 
indicates that the operation 
operations has been concluded. 
this case has its regular format 
PCI bit set to one. 


However, when the interruption due to the 
PCI flag is delayed until the operation at 
the subchannel is concluded, two 
interruptions from the subchannel may still 
take place. The first interruption 
indicates and clears the interruption 
condition due to the PCI flag, and the 
second provides the CSW associated with the 
ending status. Whether one or two 
interruptions occur depends on the model 
and on whether the interruption condition 
due to the PCI flag has been assigned the 
highest priority for interruption at the 
time of conclusion. TEST I/0 or CLEAR I/0 
addressed to the device associated with an 
interruption condition in the subchannel 
clears the interruption condition due to 
the PCI flag, as well as the one associated 
with the conclusion. 


The setting of the PCI flag is inspected in 
every CCW except those specifying transfer 
in channel, where it is ignored. The PCI 
flag is also ignored during initial program 
loading. 


Programming Notes 


unit-status bits are set to 
ones in the CSW associated with the 
conclusion of an operation of a 
selector channel by HALT I/O or HALT 
DEVICE, unit-status bits and the PCI 
bit set to ones are not necessary for 
the operation to be concluded. When 
status in a selector channel includes 
PCI at the time the operation is 
concluded by HALT I/O or HALT DEVICE, 
the CSW associated with the concluded 

‘operation is indistinguishable from 
the CSW provided by an interruption 
during execution of the operation. 


1. Since no 


2. Program-controlled 
provides a means of 


interruption 
alerting the 


C 


program to the progress of chaining 
during an I/O operation. It permits 
programmed dynamic storage allocation. 


CHANNEL INDIRECT DATA ALDRESSING 


Channel indirect data addressing permits a 
single channel-command word to control the 
transmission of data that spans 
noncontiquous pages in real storage. 


Channel indirect data addressing is 
specified by a flag bit in the CCW which, 
when one, indicates that the data address 
in the CCW is not used to directly address 
data. Instead, the address specifies the 
first word in alist of words, called 
indirect-data-address words (IDAWs), each 
of which contains an aksolute address 
designating a data area within a 2,048-byte 
block of storage. 


When the iné@irect-data-addressing bit in 
the CCW is one, bits 8-31 of the CCW 
specify the location of the first IDAW to 


be used for data transfer for the command. 
Additional IDAWs, if needed for completing 
the data transfer for the CCW, are in 
successive storage locations. The number 
of IDAWs required for a CCW is determined 
by the count field of the CCW and by the 
data address inthe initial IDA. When, 
for example, the CCW count field specifies 
4,000 kytes and the first IDAW specifies a 
location in the middle of a 2,048-byte 
block, three IDAWS are required. 


Each IDAW is used for the transfer of up to 
2,048 bytes. The IDAW spvecified by the CCW 
can designate any location. Data is then 
transferred, for read, write, control, and 
sense commands, to or from successively 
higher storage locations or, fora _e read 
backward command, to successively lower 
storage locations, until a 2,048-byte block 
boundary iS reached. The control of data 
transfer is then passed to the next IDAW. 
The second and any subsequent IDAWS must 
specify, depending on the command, the 
first or last byte of a 2,048-byte block. 
Thus, for read, write, control, and sense 
commands, these IDAWS will have zeros in 
bit positions 21-31. For a read-backward 
command, these IDAWs will have ones in bit 
positions 21-31. 


the unique restrictions on the 
specification of the data address by the 
IDAW, all other rules for the data address, 
such as for protected storage and invalid 
addresses, and the rules for data 
prefetching, remain the same as when 
indirect data addressing is not used. 


Except for 


of the IDAWs 
current CCW or to a 


A channel may 
pertaining to 


prefetch any 
the 


An IDAW takes control of 
the data transfer when the last byte has 
been transferred for the previous’ IDAW. 
The same rules apply as with data chaining 
regarding when an IDAW takes control of 
data transfer during an I/O operation. 
That is, when the count in the CCW has not 
reached zero, a new IDAW takes control of 
the data transfer when the last byte has 
been transferred for the previous IDAW for 
that CCH, even in situations where 
(1) channel end, (2) channel end and device 
end, or (3) channel end, device end, and 
status modifier are received prior to 
transfer of any data bytes pertaining to 
the new IDAW. A prefetched IDAW does not 
take control of an I/O operation if the 
count in the CCW reached zero with the 
transfer of the last byte of data for the 
previous IDAW for that CCW. Errors 
detected in prefetched IDAWs are not 
indicated until the IDAW takes control of 
the data transfer. 


prefetched CC. 


The format of the IDAW and the significance 
of its fields are as follows: 


[eos a pt oe oe a ae ee pe os oN 
1900000000| Data Address | 
eh SS eed 
0 8 31 


Bit positions 0-7 are reserved for future 
use and must contain zeros. If any of the 
bits is a one, a program check is 
generated, and the operation is terminated. 


Bits 8-31 specify the location of the first 
byte to be used in the data transfer. In 
the first IDAW for a CCW, any location can 
be specified. For subsequent IDAWs, 
depending on the command, either the first 
or the last location of a 2,048-byte block 
located on a 2,048-byte boundary must be 
specified. For read, write, control, and 
sense commands, the beginning of the block 


must be specified, and bits 21-31 of the 
IDAW will be zeros. For a read-backward 
command, the end of the block must be 
specified, and bits 21-31 of the IDAW will 
be ones. Improper data-address 
specification causes a program check to be 
generated and the operation to be 
terminated. 
When the IDAW flag (bit 37) of the CCW is 
set to one and any of the following 
conditions occurs: 
1. The address in the CCW does not 
designate the first IDAW on an 


integral word boundary, 


2. The address in the CcW does 
designate a valid storage location, 


not 


3. Access to the storage location 
specified by the address in the CCW is 
prohibited by protection, or 


Chapter 12. Input/Output Operations 12-41 











4. Bits 0-7 of the first IDAW are not conditions. In this case, any of 
zeros, these conditions causes the channel to 
indicate program check only if the 
then, depending on the model, the above device attempts to transfer data. An 
four conditions may be handled in one of immediate command does not result in a 
two ways: program-check indication. 
1. The channel checks for the above 
conditions before initiating the 
operation at the device. If any of COMMANDS 
these conditions is encountered, the 
channel indicates program check and 
does not initiate the operation at the The figure "Channel-Command Codes" lists 
device. the command codes for the six Commands and 
indicates which flaqs are defined for each 
2. The channel initiates the operation at command. The flags are ignored for all 
the device prior to checking for these commands for which they are not defined. 
Rap a es ae ee ee eee Pe a eee STG a ga ee = Se eee 
| Name | Code | Flags | 
ht 
| Write |MMMM MMOT|ICD CC SLI PCI IDA| 
{Read {MMMM MM1O01CD CC SLI SKIP PCI IDA] 
|Read backward [MMMM 1100]CD CC SLI SKIP PCI IDA| 
{Control [MMMM MM11]/1CD CC SLI PCI IDA] 
|/Sense [MMMM O100]CD CC SLI SKIP PCI IDA{ 
{Sense ID {1110 0100|CD CC SLI SKIP PCI IDA] 
{Transfer in channel|XXXxX 1000{ { 
}—-—__-—_ es ee eel 
|Explanation: | 
| { 
}CD Chain data | 
}cc Chain command | 
| SLI Suppress length indication { 
|SKIP Skip | 
{PCI Program—controlled interruption { 
JIDA Indirect data addressing | 
| Modifier bit { 
|x Ignored | 
(ease. i ee 
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All flags have individual 
except that the CC and 


ignored when the CD 


Significance, 
S1lI flags are 
flag is set to one. 
The SLI flag is ignored on immediate 
operations, in which case the 
incorrect-length indication is suppressed, 
regardless of the setting of the flag. The 
PCI flag is ignored during initial program 


loading. 
Each command is described below, and the 
format is illustrated. 
Programming Notes 
1. A malfunction that affects the 


validity of data transferred in an I/0 
operation is signaled at the end of 
the operation by means of unit check 
or channel-data check, depending on 
whether the device (control unit) or 
the channel detected the error. In 
order to make use of the checking 
facilities provided in the _ systen, 
data read in an input operation should 
not be used until the end of the 
operation has been reached and the 
validity of the data has been checked. 


Similarly, on writing, the copy of 
data in storage should not be 
destroyed until the program has 


verified that no malfunction affecting 
the transfer and recording of data was 
detected. 
2e- An error 


condition may he recognized 





by the channel and the I/0 operation 
terminated when 256 or more chained 
commands are executed with an I/0 
device and none of the executed 
commands result in the transfer of any 
data. 

Write 

a ee ee ee Te ey See ee a eo 

{ | [ 

|MMMMMMO1{ Data Address | 

( I | 

es Se ee 

0 8 31 

eT YO TE 71 

ICICIS! ([PITI | | 

IDICILISICIDIOOIS///////| Count | 

[| 1 IIT] (ItAl | { | 

i ee ee ee eee Ee ee a eee eee | 

32 35 40 48 63 

A write operation is initiated at the I/0 

device, and the subchannel is set up to 

transfer data from storage to the I/0 


device. Data in storage is fetched in an 
ascending order of addresses, starting with 
the address specified in the CCW. 


A ccw used in a write operation is 
inspected for the CD, CC, SLI, PCI, and IDA 
flags. The setting of the skip flaq is 
iqnored. Bit positions 0-5 of the CCW 
contain modifier bits. 


Programming Note 


for which block 

such as a 
inguiry station, 
controlled 


devices 
defined, 
or an 


When writing on 
length is not 
magnetic-tape unit 
the amount of data written is 
only by the count in the CCW. Every 
operation terminated under count control 
causes the incorrect-length indication, 
unless the indication is suppressed by the 
SLI flag. 


| 

| 
|MMMMMM10] Data Address 
( 


Bn 
0 8 31 


oe. ea i 
Piet tsi i to l 
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{ 
| 
Count | 
| 


initiated at the I/0 
device, andthe subchannel is set up to 
transfer data from the device to storage. 
For devices such as magnetic-tape units, 
disk storage, and card equipment, the bytes 
of data within a block are provided in the 
Same sequence as written by means of a 
write command. Data is placed in storage 


A read operation is 


in an ascending order of addresses, 
starting with the address specified in the 


A CCW used in a read operation is inspected 
for every flag--CD, CC, SLI, SKIP, PCI, and 
IDA. Bit positions 0-5 of the CCW contain 
modifier bits. 
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Read Backward 
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A read-backward operation is initiated at 
the I/O device, and the subchannel is set 
up to transfer data from the device to 
storage. On magnetic-tape units, read 
backward causes reading to be performed 
with the tape moving Eackward. The bytes 
of data within a block are sent to the 
channel in a sequence opposite to that on 
writing. The channel places the bytes in 
storage in a descending order of address, 
starting with the address specified in the 
CCW. The bits within a byte are in the 
same order as_ sent to the device on 
writing. 


A CCW used in a read-backward operation is 
inspected for every flag--CD, CC, SLI, 
SKIP, PCI, and IDA. Bit positions 0-3 of 
the CCW contain modifier bits. 


SS Se ao ee ee ee ee Ee 
| | \ 
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A control operation is initiated at the I/0 
device, andthe subchannel is set up to 
transfer data from storage to the device. 
The device interprets the data as control 
information. The control information, if 
any, is fetched from storage in an 
ascending order of addresses, starting with 
the address specified in the CCW. A 
control command may be used to initiate at 
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the I/O device an operation not involving 
transfer of data, such as backspacing or 
rewinding maqnetic tape or positioning a 
disk-access mechanisn. 


For many control functions, the entire 
operation is specified by the modifier bits 
in the command code, andthe function is 
performed as an immediate operation (see 
the section "Immediate Operations" later in 
this chapter). If the command code does 
not specify the entire control function, 
the data-address field of the CCW 


designates the location containing the 
required additional information. This 
control information may include a_ée code 


further specifying the operation to be 
performed or an external address, such as 
the disk address for the seek function, and 
is transferred in response to requests by 
the device. 


A control command code containing zeros for 
the six modifier bits is defined as a 
no-operation. The no-operation order 
causes the addressed device to respond with 
channel end and device end without causing 
any action at the device. The control 
command can be executed as an immediate 
operation, or the device can delay the 
status until after the initial selection 
sequence is completed. Other operations 
that can be initiated by means of the 
control command depend on the type of I/0 
device. These operations and their codes 
are specified in the SL publication for the 
device. 


A ccW used in a control operation is 
inspected for the CD, CC, SLI, PCI, and IDA 
flags. The setting of the skip flag is 
ignored. Bit positions 0-5 of the CCW 
contain modifier bits. 


Programming Note 


Since a CCW (other than transfer in 
channel) with a count of zero is invalid, 
the program cannot use the CCW count field 
to specify that no data be transferred to 
the I/O device. Any operation terminated 
before data has been transferred causes the 
incorrect-length indication, provided the 
operation is not immediate and has not been 
rejected during the initiation sequence. 
The incorrect-length indication is 
suppressed when the SLI flag is on. 
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A sense operation is initiated at the I/0 
device, and the subchannel is set up to 


of sense data fron 
The data is placed 
ascending order of 
with the address 


transfer up to 32 bytes 
the device to storage. 
in storage in an 
addresses, starting 
specified in the CCW. 


Data transferred during a sense operation 


provides information concerning unusual 
conditions detected by the I/O device. The 
information provided as a result of 
executing the sense command is more 
detailed than that supplied by the 
unit-status byte in the CSW and may 
describe reasons for the unit-check 
indication. It may also indicate, for 
example, if the device is in the not-ready 
state, if the tape unit is in the 
file-protected state, or if magnetic tape 


is positioned beyond the end-of-tape mark. 


The first six bits of the first sense data 
byte (sense byte 0) are common to all I/O 
devices. The six bits, when set to ones, 
designate the following: 





aera Ds ass | 
| Bit | Designation | 
-——__+—_—_——_ 4 
| | | 
{ O | Command reject | 
| 1 | Intervention reguired | 
| 2 | Bus—out check | 
1 3 | Equipment check | 
| 4 | Data check | 
| 5 | Overrun | 
SS a | 


The following 
six bits: 


is the meaning of the first 


Command Reject: The device has detected a 
programming error. A command has_ been 
received which the device is not designed 
to execute, such as read backward issued to 
a direct-access storage device, or which 
the device cannot execute because of its 
present state, such aS write issued toa 


file-protected tape unit. Command reject 
is indicated when the program issues an 
invalid sequence of commands, such as write 
to a direct-access storage device without 
previous designation of the block. Command 
reject may also be indicated when invalid 
data is transferred and the data is treated 
aS an extension of the command. For 
example, command reject is indicated when 
an invalid seek argument is transferred to 
a direct-access storage device. 


The 
be executed 


last operation 
because of a 
situation requiring sone type of 
intervention at the device. This bit 
indicates situations such as the hopper in 
a card punch being empty or the printer 
being out of paper. It is also turned on 
when the addressed device is not ready, is 
in test mode, or is not provided on the 
control unit. 


could not 


Bus-Out Check: The device or the control 
unit has received a data byte or a command 


code with an invalid parity from the 
channel. During writing, bus-out check 
indicates that incorrect data has_ been 
recorded at the device, but this does not 
cause the operation to be terminated 
prematurely. Parity errors on command 
codes and control information cause the 


operation to be immediately terminated and 
suppress checking for situations that would 


cause command reject and intervention 
required. 

Equipment Check: During the last 
operation, the device or the control unit 
has detected equipment malfunctioning, such 
aS an invalid card-hole count or a 


printer-buffer parity error. 
Data Check: The device or the control unit 
has detected a data error other than those 
included in bus-out' check. Data check 
identifies errors associated with the 
recording medium and includes errors such 
as reading an invalid card code or 
detecting invalid parity on data recorded 
on magnetic tape. 


On an input operation, data check indicates 
that incorrect data may have been placed in 
Storage. The control unit forces correct 
parity on data sent to the channel. On 
writing, data check indicates that 
incorrect data may have been recorded at 
the device. Unless the operation is ofa 


type where the error precludes meaningful 
continuation, data errors on reading and 
writing do not cause the operation to be 


terminated prematurely. 


Overrun: The overrun condition occurs when 
the channel fails to respond to the control 
unit in the anticipated time interval toa 
request for service from the I/O device. 
When the total activity initiated by the 
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program exceeds the capability of the 
channel, an overrun may occur when data is 
transferred to or from a control unit that 
is either using the data-streaming feature 
or is nonbuffered. An overrun condition 
also may occur when the I/O device receives 
the new command too late during command 
chaining. 


When the channel fails to 
an input operation, the 
transferred to storage may be used to fill 
the gap. On an output operation, overrun 
indicates that data recorded at the device 
may be invalid. 


accept a byte on 
following data 


All information significant to the use of 
the device normally is provided in the 
first byte. Any bit positions following 
those used for programming information may 
contain diagnostic information, and the 
total number of sense bytesS may extend up 
to 32 bytes as needed. The number and the 
meaning of the sense bytes extending beyond 
the first byte are peculiar to the type of 
I/O device and are specified inthe SL 
publication for the device. 


The basic sense command has zero modifier 
bits. This command initiates a sense 
operation on all devices and cannot cause 
the command-reject, intervention-required, 
data-check, or overrun bit to be set to 
one. If the control unit detects an 
equipment malfunction, or invalid parity of 
the sense command code, the equipment-check 
or bus-out-check bit is set to one, and 
unit check is indicated in the unit-status 
byte. 


Devices that can provide special diagnostic 
sense information or can be instructed to 
perform other special functions by use of 
the sense command may define modifier bits 
for the control of these functions. The 
special sense operations may be initiated 
by a unique combination of modifier bits, 
or a group of codes may specify the same 
function. Any remaining sense command 
codes may be considered invalid, thus 
causing the unit-check indication, or may 
cause the same action as the basic sense 
command, depending upon the type of device. 


The sense information that 
last I/0 operation or other action at a 
device may be reset any time after the 
completion of a sense command addressed to 
that device. Any command addressed to the 
control unit of a device, other than the 
no-operation command and the command which 
results from a TEST I/O instruction, may be 
allowed to reset the sense information, 
provided that the busy bit is not included 
in the initial status. The sense 
information may also te changed as a result 
of asynchronous actions, for example when 
the device changes from the not-ready to 
ready state. (See "Device End" in this 


pertains to the 
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chapter.) 

A CCW used in a_ sense operation is 
inspected for every flag--CD, CC, SLI, 
SKIP, PCI, and IDA. Bit positions 0-3 of 


the CCW contain modifier bits. 
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Execution of the sense-ID command proceeds 
exactly as that of a read command, except 
that data is obtained f rom sensing 
indicators rather than from a record 
source. The data transferred i1is_ seven 
bytes in length. 

The control unit and tI/0 device may 
properly execute the sense-ID command, may 
execute the command as the basic’ sense 
command, or may reject the sense-ID command 


with unit-check status. Refer to the SL 
Manual for the control unit and I/O device. 


not initiate any 
sensing of the 


The sense-ID command must 
operations other than the 
type/model number. If the control unit or 
device is available and not busy, then 
execution of the sense-ID command is 
accomplished. BaSic sense data may be 
reset as a result of executing the sense-ID 
command. 

The sense bytes sent in response to sense 
ID are defined as follows: 


byte 0 Hexadecimal ‘FF! 

byte 1 Control-unit type number 
byte 2 Control-unit type number 
byte 3 Control-unit model number 
byte 4 Device type number 

byte 5 Device type number 

byte 6 Device model number 


All unused sense bytes are set to zeros. 


Bytes 1and 2 contain the four-decimal- 
digit control-unit type number that 
corresponds directly with the unit type 


number attached to the unit. 


J 


J 


J 


Byte 3 contains the control-unit model 
number, if applicable. If not applicable, 
byte 3 must be a byte of all zeros. 


Bytes 4 and § contain the four-decinal- 
digit device type number that corresponds 
directly with the device type number 


attached to the I/O device. 


Byte 6 contains the device model number, if 
applicable. If not applicakle, byte 6 must 
be a byte of all zeros. 


Whenever a 
addressable 


control unit is not separately 

from the attached device or 
devices, the response to the sense-ID 
command is a concatenation of control-unit 
type number and device type number. 


If a control unit can be addressed 
separately from the attached device or 
devices, then the response to the sense-ID 
command is dependent on the unit addressed. 
Tf. a control unit is addressed, the 
response to the sense-ID command is 
"Control-unit type number," with normal 
ending status presented after byte 3. If 
the device is addressed, the response to 
the sense-ID conmand is "device type 
number" placed at byte locations 1, 2, and 
3, followed hy channel-end and device-end 
status. 


Whenever the control unit and device are 
not distinct, the type number given is the 


control-unit number. In this case, sense 
data transfer would end with channel-end 
and device-end status keing presented. 
Communication controllers utilizing 


indirect addressing to end devices generate 
the three bytes of sense data that identify 
only the controller. 
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The next CCW is fetched from the location 
in absolute storage designated by the 
data-address field of the CCW specifying 
transfer in channel. The 
trans fer-in-channel command does not 
initiate any I/O operation at the channel, 
and the I/0 device is not signaled. The 


purpose of the transfer-in-channel command 


is to provide chaining between CCWs not 
located in adjacent doubleword locations in 
an ascending order of addresses. The 
command can occur in both data and command 


chaining. 
The first CCW designated by the CAW must 
not specify transfer in channel. When this 


I/O operation 
and a program check is 

error causes the status 
with the program-check 
to be stored during 
or START I/0 
START I/O. 

executed 


restriction is violated, no 
is initiated, 
generated. The 
portion of the CSW, 
status bit set to one, 
the execution of START I/O 
FAST RELEASE being executed as 
When START I/O FAST RELEASE is 
independent of the device, the error may 
cause, depending on the model, the’ same 
indication as for START I/O or may cause an 
interruption condition to be generated. 


To address a CCW on integral boundaries for 
doublewords, a CCW specifying transfer in 
channel must contain zeros in bit positions 


29-31. Furthermore, a CCW specifying a 
transfer in channel must not be fetched 
fron a location designated by an 


immediately preceding transfer in channel. 
When either of these errors is detected, a 
program check is generated. 


The contents of the second half of the CCW, 
bit positions 32-63, are ignored. 
Similarly, the contents of bit positions 
0-3 of the CCW are ignored. 


COMMAND RETRY 


Some channels have the capability to 
perform command retry, a channel and 
control-unit procedure that causes a 


command to be retried without requiring an 
I/O interruption. This retry is initiated 
by the control unit presenting either of 
two status-bit combinations by means of a 
special communication sequence with the 
channel. When immediate retry can be 
performed, the control unit signals a 
channel-end, unit-check, and status- 
modifier status-bit combination, together 
with device end. When immediate retry 
cannot be performed, the presentation of 
device endis delayed until the control 
unit is prepared. If device end and no 
other status bits are signaled, command 
retry is performed. If device end is 
accompanied by status modifier, command 
retry is not performed, andthe channel 
command-chains to the CCW following the one 
for which retry was signaled. When any 
other status bit accompany device end or 


device end and status modifier, an 
interruption condition is generated. In 
this situation, the CSW will contain the 


status indications causing the interruption 
condition. 
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When the 
per forminad 
suppressed, 


channel is 
command 


not capable of 
retry, the retry is 
and an interruption condition 
is generated. The CSW will contain the 
channel-end, unit-check, and status- 
modifier status indications, along with any 
other appropriate status. 


During command retry, the channel action is 


Similar to that taken when command 
chaining. Thus, when command retry is 
performed, a START I/0 initiating an 
immediate operation for which command 


chaining is not indicated in the CCW causes 
a condition code 0, rather than a condition 


code 1, to be set. The subsequent 
termination of the I/O operation causes an 
interruption condition to be generated. 
During command retry, the CCW may be 


refetched. 


The following possible results of a command 
retry must be anticipated Ly the progran: 


1. A CCW with the PCI flag set to one 
may, if retried because of command 
retry, cause multiple PCI 


interruptions to occur. 


2. A 
Single, 
immediate 
condition 


channel program consisting of a 
unchained CCW specifying an 

command nay cause a 

code 0 rather than a 
condition code 1to be _ set. This 
setting of the condition code occurs 
if the control unit signals command 
retry at the time initial status is 
Signaled to the channel. An 
interruption condition is generated 
upon completion of the operation. 


3. If a cCCW used in an operation is 
changed before that operation has been 
successfully completed, the results 
are unpredictable. 


4. A CSW stored after the initiation of a 
retry but before the presentation of 
device end, as when an interruption 
condition due to the PCI flag is 
taken, contains the address of the 
command to be retried plus 8. 


5. If a 
Ifo 


HALT I/0, HAIT DEVICE, or CLEAR 
instruction is issued after the 
initiation of a retry but before the 
presentation of device end, the CSW 
contains the address of the command to 
be retried plus 8. 


6. On a multiplexer channel, chained CCWs 


which might ordinarily have been 
executed in a burst may, upon the 
occurrence of command retry, cause 
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multiplexing to occur, with the result 
that the channel becomes unexpectedly 
available. 


7. Command chaining may occur even though 
the CCW does not indicate command 
chaining. This can occur if immediate 
retry is not requested and the control 
unit or device presents a status of 
device end and status modifier. 


CONCLUSION OF INPUT/OUTPUT OPERATIONS 


When the operation or sequence of 
operations initiated by START I/0 or START 
I/O FAST RELEASE is’ ended, the channel and 
the device generate status. Status can be 
brought to the attention of the program by 
means of an I/O interruption, by TEST I/0 
or CLEAR I/O, or, in certain cases, by 
START I/O or START I/0 FAST RELEASE. This 
status, as well as an address and a count 
indicating the extent of the operation 
sequence, are presented to the proqram in 
the form of a channel-status word (CSW). 


TYPES OF CONCLUSION 


Normally an I/O operation at the subchannel 
lasts until the device signals channel end. 


Channel end can be signaled during the 
sequence initiating the operation, Or 
later. When the channel detects egquiovment 
malfunctioning or antI/O _ system reset is 
performed, the channel disconnects’ the 
device without receiving channel end. The 
progran can force a device to be 
disconnected prematurely by issuing CLEAR 
CHANNEL, CLEAR I/0, HALT I/0, or HALT 
DEVICE. 


Conclusion at Operation Initiation 


After the addressed channel and subchannel 
have been verified to be ina state where 
START I/O or START I/O FAST RELEASE can be 
executed, certain tests are performed on 
the validity of the information specified 
by the program and on the availability of 
the addressed control unit and I/O device. 
This testing occurs during the execution of 
START I/O, either during or subsequent to 
the execution of START I/0 FAST RELEASE, 
and during command chainina. 

A data-transfer operation is initiated at 
the subchannel and device only when no 
programming or equipment errors are 
detected by the channel and when the device 
responds with zero status or signals 


J 


command retry during the initiation 
sequence. When the channel detects or the 
device signals any unusual situations 
during the initiation of an operation, the 


command is said to be rejected. 


Rejection of the command during the 
execution of START I/O or START I/O FAST 
RELEASE is indicated by the setting of the 
condition code in the PSW. Unless the I/0 
device is not operational, the reasons for 
the rejection are detailed by the portion 
of the CSW stored by START I/0 or START I/0 
FAST RELEASE. The TI/0 device is not 
started, no interruption conditions are 
generated, and the subchannel is available 
subsequent to the initiation sequence. The 
I/O device is immediately available for the 
initiation of another operation, provided 
the command was not rejected because the 
device or control unit was busy or not 
operational. 


causes a command 
initiation of an I/0 
command chaining, an 
interruption condition is generated, and 
the subchannel is not availakle until the 
condition is cleared. The reasons for the 
rejection are indicated to the program by 
means of the corresponding status bits in 
the CSW. The not-operational state of the 
I/O device, which during the execution of 
START I/0 and in some models during the 
execution of START I/O FAST RELEASE causes 
condition code 3 to be set, instead causes 


When an unusual Situation 
to be rejected during 
operation by 


the interface-control-check bit to be set 
to one when detected during command 
chaining. The new operation at the I/0 


device is not initiated. 
When START I/O FAST RELEASE is executed by 
a channel independent of the addressed 
device, tests for most progqram-specified 
information, for control-unit and device 
availability, for control-unit and device 
Status, and for most errors may be 
performed subsequent to the execution of 
START I/O FAST RELEASE. Some situations 
which would have caused a condition code 1 
or 3 to be set kad the instruction been 


START I/O instead cause an interrupticn 
condition to be qenerated. The CSW, when 
stored, indicates that the interruption 


condition is a deferred condition code 1 or 
3. 


Any command other than the command that 
results from TFST I/0 may cause the I/0 
device to Signal channel end immediately 
upon receipt of the command code. An 1/0 
operation causing channel end to be 


Signaled during the initiation sequence is 


When the first CCW designated by the CAW 
during a START I/0 or START I/0 FAST 
RELEASE executed as a START I/0 initiates 
an immediate operation with command 
chaining not indicated and command retry 
not occurring, no interruption condition is 
generated. In this case, channel end is 
brought to the attention of the program by 
causing START I/O or START I/O FAST RELEASE 
to store the CSW status’ portion. The 
subchannel is immediately made available to 


the progran. The I/O operation, however, 
is initiated, and, if channel end is not 
accompanied by device end, the device 


remains busy. Device end, when 
subsequently provided by the device, causes 
an interruption condition to be generated. 


An immediate operation initiated by the 
first CCW designated by the CAW during a 
START I/O PAST RELEASE executed independent 
of the addressed device appears to the 
program aS a nonimmediate command. That 
is, any status generated by the device for 
the immediate command, or for a subsequent 
command if command chaining occurs, causes 
an interruption condition to be generated. 


When command chaining is specified after an 


immediate operation and no unusual 
Situations have been detected during the 
execution, or when command retry occurs for 
an immediate operation, neither START I/0 
nor START I/O FAST RELEASE causes’ the 
immediate storing of CSW status. The 
subsequent commands in the chain are 


handled normally, and channel end for the 
last operation of the chain of CCWs 
generates an interruption condition even if 


the 1/0 device provides the signal 
immediately upon receipt of the command 
code. 

Whenever immediate completion of an TI/0 
operation is signaled, no data has'- been 
transferred to or from the device as a 


result of that operation. 


Since a count of zero is not valid, any CCW 
specifying an immediate operation must 
contain a nonzero count. When an immediate 
operation is executed, however, incorrect 
length is not indicated to the program, and 
command chaining is performed when so 
specified. 


Programming Note 


Control operations for wich the entire 
operation is specified in the command code 
may be executed aS immediate operations. 


Whether the control function is executed as 
an immediate operation depends on the 
operation and type of device and is 
specified in the SL publication for the 
device. 
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When the device accepts a command, the 
subchannel is set up for data transfer. 
The subchannel is in the working state 
during this period. Unless the channel 
detects equipment malfunctioning or the 
operation is concluded by CLEAR CHANNEL, 
CLEAR I/O, or, on the selector channel, the 


operation is concluded by CLEAR CHANNEL, 
CLEAR I/0, HALT I/O, or HALT DEVICE, the 
subchannel-working state lasts until the 
channel receives the channel-end_ signal 
from the I/0 device. When no command 
chaining is specified or when chaining is 
suppressed because of unusual situations, 


channel end causes 
subchannel to be 


the operation at the 
terminated and an 


interruption condition to be _ generated. 
The status bits in the associated CSW 
indicate channel end and any unusual 
Situations. The I/O device can signal 


channel end at any time after initiation of 
the operation, and the signal may occur 
before any data has been transferred. 


For operations not involving data transfer, 
the IT/O device normally controls the timing 
of channel end. The duration of data- 
transfer operations may be variable and may 
be controlled by the I/0 device or the 
channel. 


Excluding equipment errors, CLEAR I/O, HALT 
DEVICE, and HALT I/O, the channel signals 
the device to conclude data transfer 
whenever any of the following events 
occurs: 


1. The storage areas specified for the 
operation are exhausted or filled. 


2. A program check is detected. 

3. A protection check is detected. 

GW. A chaining check is detected. 
The first event occurs when the channel has 


stepped the count to zero in the last CCW 
associated with the operation. A count of 


zero indicates that the channel has 
transferred all information specified by 
the progran. The other three events are 
due to errors and cause premature 
conclusion of data transfer. In every 
case, the conclusion is signaled in 
response to a service request from the 


device and causes data transfer to cease. 
If the device has no blocks defined for the 
operation (such aS writing from magnetic 
tape), it concludes the operation and 
generates channel end. 


can control the duration of an 
of channel end. 
which blocks are 


The device 
operation and the timing 
On certain operations for 
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reading from magnetic 
provide’ the 


defined (such as 
tape), the device does not 
channel-end signal until the end of the 
block is reached, regardless of whether or 
not the device has been previously signaled 
to conclude data transfer. 


If the data address in 
no data is transferred 
operation, and the device is signaled _ to 
conclude the operation in response to the 
first service request. On writing, devices 
such aS magnetic-tape units request the 
first byte of data before any mechanical 
motion is started and, if the data address 
is invalid, the operation is concluded 
before the recording medium has been 
advanced. However, since the operation has 
been initiated at the I/0 device the I/0 
device provides channel end, and an 
interruption condition is generated. 
Whether a block at the I/0 device is 
advanced when no data is transferred 
depends on the type of I/0 device andis 
specified in the SL publication for the I/0 
device. 


the CCW is invalid, 
during the 


When command chaining takes’ place, the 
subchannel is in the working state from the 
time condition code 0 is set for START I/0 
or START I/O FAST RELEASE until the device 
Signals channel end for the last operation 
of the chain. On the Selector channel, the 
device executing the I/0 operation stays 
connected to the channel and the channel is 
in the working state during the entire 
execution of the chain of I/0 operations. 
On the multiplexer channel, an I/O 
operation in the burst mode causes’ the 
channel to be inthe working state only 
while transferring a burst of data. If 
channel end and device end do not’ occur 
concurrently, the device disconnects from 
the channel after providing channel end, 
and the channel can in the meantime 
communicate with other devices. 


command 
and an 
generated. 
detected by 
and the 


Any unusual situations cause 
chaining to be suppressed 
interruption condition to be 
The unusual situations can be 

either the channel or the device, 
device can provide the indications with 
channel end, control-unit end, or device 
end. When the channel iS aware of the 
unusual situation by the time the 
channel-end signal for the operation is 
received, the chain is ended as if the 
operation during which the si tua tion 
occurred were the last operation of the 
chain. The device-end Signal subsequently 
is processed as an interruption condition. 
When the device signals unit check or unit 
exception with control-unit end or device 
end, the subchannel terminates the working 
state upon receipt of the signal from the 
device. The channel-end indication in this 
case is not made available to the program. 


J 


C 


a a a SS ee ee 


The instructions HALT I/O and HALT DEVICE 


cause the current operation at the 
addressed channel or subchannel to be 
immediately terminated. The method of 
termination differs from that used upon 
exhaustion of count or upon detection of 
programming errors’ to the extent that 
termination by HALT I/O or HALT DEVICE is 


not necessarily contingent on the receipt 
of a service request from the device. 


When HALT T/0 is issued to ae channel 
operating in burst mode, the channel issues 
the halt siqnal to the device currently 
operating with the channel, regardless of 
the device address specified with the HALT 
I/O instruction. If the channel is 
involved in the data-transfer portion of an 
operation, data transfer is immediately 
terminated, and the device is disconnected 
from the channel. If HALT I/O is addressed 
to a selector channel executing a chain of 


operations and the device has already 
provided channel end for the current 
operation, the instruction causes the 
device to be disconnected and command 


chaining to be immediately suppressed. 


When HALT DEVICE is issued to a_ channel 
operating in burst mode, the halt Signal is 
issued to the device involved in the 
burst-mode operation only if that device is 


the one to which the HALT DEVICE is 
addressed. If the operation thus 
terminated is in the data-transfer portion 
of the operation, data transfer is 
immediately terminated, andthe device is 
disconnected from the channel. If the 
terminated burst involves a selector 


channel executing a chain of operations and 
the device has already provided channel end 
for the current operation, HALT DEVICE 
causes the device to he disconnected and 
command chaining to be immediately 
suppressed. If, on a selector channel, the 
device involved in the hurst is not the one 


to which the HALT DEVICE is addressed, no 
action is taken. If, on a multiplexer 
channel, the device involved in the burst 


which the HALT DEVICE is 
addressed, HALT DEVICE causes any operation 
for the addressed device to be terminated 
at the addressed subchannel and suppresses 
any further data transfer or command 
chaining for that device. 


is not the one to 


When HALT I/O or HALT DEVICE is issued to a 
channel not operating in burst mode, the 
addressed device is selected, andthe halt 
Signal is issued as the device responds. 


If the device presents status and if 
command chaining is indicated in the 
subchannel, it is suppressed. 


The termination of an operation by HALT I/0 
or HALT DEVICE on the selector channel 


results in up to four distinct interruption 


conditions. The first one is generated by 
the channel upon execution of the 
instruction and is not contingent on the 
receipt of status from the device. The 
channel-status bits reflect the unusual 
situations, if any, detected during the 
operation. If HALT I/O or HALT DEVICE is 


issued subsequent to the initiation of the 
I/O operation at the I/0 device but before 
all data specified for the operation has 
been transferred, incorrect length is 
indicated, subject to the control of the 
SLI flag in the current CCW. The execution 
of HALT I/0 or HALT DEVICE itself is not 
reflected in CSW status, andall status 
bits ina CSW due to this interruption 
condition can _ be zero. The channel is 
available for the initiation of a new I/O 
operation as_ soon as the interruption 
condition is cleared. 


The second interruption condition on the 
selector channel occurs when the control 
unit Signals channel end. The selector 


channel handles this condition as any other 
interruption condition fron the device 
after the device has been disconnected from 
the channel, and provides zeros in the 
subchannel-key, CCW-address, count, and 
channel-status fields of the associated 
CSW. Channel end is not made available to 
the program when HALT I/O or HALT DEVICE is 
issued to a channel executing a chain of 
operations and the device has already 
provided channel end for the current 
operation. 


Finally, the third and fourth interruption 
conditions occur when control-unit end, if 


any, and device end are signaled. These 
Signals are handled as for any other I/0 
operation. 


The termination of an operation by HALT I/O 
or HALT DEVICE on a multiplexer channel 
causes the normal interruption conditions 
to be generated. If the instruction is 
issued when the subchannel is in the 
data-transfer portion of an operation, the 
subchannel remains in the working’ state 
until channel end is Signaled by the 
device, at which time the subchannel is 
placed in the interruption-pending' state. 
If HALT I/O or HALT DEVICE is issued after 
the device has signaled channel end and the 
subchannel is executing a chain of 


operations, channel-end is not nade 
available to the progran, and the 
subchannel remains in the working ' state 


until the next status byte from the device 


is received. Receipt of a status byte 
Subsequently places the subchannel in the 
interruption-pending state. The CSW 


associated with the interruption condition 
in the subchannel contains the status byte 
provided by the device and the channel. If 
HALT I/O or HALT DEVICE is issued before 
all data areas associated with the current 
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operation have been exhausted or filled, 
incorrect length is indicated, subject to 
the control of the SLI flag in the current 
CCW. The interruption condition is 
processed as for any other type of 
termination. 


The termination of a burst operation by 
HALT I/O or HALT DEVICE on a 
block-multiplexer channel may, depending on 
the model and the type of subchannel, take 


place as for a selector channel or nay 
allow the subchannel to remain in the 
working state until the device provides 


ending status. 


Programming Note 


snaeppeteetaeees emmencmemmes aay se ang ewe 


The count field in the CSW associated with 
an operation terminated by HALT I/O or HALT 
DEVICE is unpredictable. 


The termination of an operation by CLEAR 
I/O causes the subchannel to be set to the 


available state and causeS a CSW to be 
stored. The validity of the CSW fields is 
defined in the instruction CLEAR I/0 


earlier in this chapter. 


When CLEAR I/O terminates an operation at a 
subchannel in the interruption-pending 
state, up to three subsequent interruption 
conditions related to the operation can 
OCCUr. Since CLEAR I/0 causes the 
subchannel to be made available, these 
interruption conditions will result in only 
the unit-status portion of the CSW being 
indicated. 


The first interruption condition arises on 
a selector channel when channel end is 
signaled to the channel. This occurs only 
when the interruption-pending states of the 
channel and subchannel at the execution of 
CLEAR I/0 were due to the previous 
execution of HALT I/O or HALT DEVICE. 


The second and 
conditions arise when 
any, and device end are 
channel. 


third interruption 
control-unit end, if 
Signaled to the 


When CLEAR I/O terminates an operation at a 
subchannel in the working state, up to four 
subsequent interruption conditions related 
to the operation can occur. For all of 
these conditions, only the status portion 
of the CSW is indicated. 


The first interruption condition arises on 
certain channels when the terminated 
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operation was in the midst of data 
transfer. Since the device is not signaled 
to terminate the operation during the 
execution of CLEAR I/O unless’ the channel 
is working with the addressed device when 
the instruction is received, the device 
may, Subsequent to the CLEAR I/0, attempt 
to continue the data transfer. The channel 
responds by signaling the device to 
terminate data transfer. Depending on the 
channel, the need to signal the device to 
terminate data transfer may be ignored or 


May be considered an interface-control 
check which creates an interruption 
condition. Only channel status is 


indicated in the CSW. 


A second interruption condition may occur 
if channel-end status is received from the 


device. The third and fourth conditions 
may occur if control-unit end, and/or 
device end are presented to the channel. 


In these three cases, only unit status is 


indicated in the CSW. 


Termination Due to Equipment Malfunction 


When channel-equipment malfunctioning is 
detected or invalid signals are received 
from a device, the recovery procedure and 
the subseguent states of the subchannels 
and devices on the channel depend on the 
type of error and on the model. Normally, 
the program is alerted to the termination 
by an I/O interruption, and the associated 
CSW indicates channel-control check or 
interface-control check. However, when the 
nature of the malfunction prevents an I/0 
interruption, a machine-check interruption 
occurs, and a CSW is not stored. A 
malfunction may cause the channel to 
perform the I/O selective reset or _ to 
generate the halt signal. 


INPUT/OUTPUT INTERRUPTIONS 


Input/foutput interruptions provide a means 
for the CPU to change its state in response 
to conditions that occur in I/O devices or 
channels. The conditions are indicated in 
an associated CSW which is stored at the 
time of interruption. These conditions can 
be caused by the program or by an external 
event at the device. 


Interruption Conditions 


A reguest for an I/0 interruption is called 
an 1/O-interruption condition, or, in this 
chapter, simply an interruption condition. 


An interruption condition can be brought to 
the attention of the program only once and 
is cleared when it causes an interruption. 
Alternatively, an interruption condition 
can be cleared by TEST I/0 or CLEAR I/O, 
and conditions generated by the I/O device 
following the termination of the operation 
at the subchannel can be cleared by TEST 
I/O, START I/O, or START I/O FAST RELEASE. 
The latter include interruption conditions 


caused by attention, device end, and 
control-unit end, and channel end when 
provided by a device after conclusion of 


the operation at the subchannel. 


The device attempts to initiate a request 
to the channel for an I/O interruption 
whenever it detects any of the following: 


Channel end 
Control-unit end 
Device end 
Attention 


The channel combines the above status with 
information inthe subchannel and either 
causes an I/0 interruption or continues 
command chaining as a function of the 
received status. When command chaining 
takes place, channel end and device end do 
not cause an interruption and are not made 
available. 


The channel creates an interruption 
condition when any of the following 
conditions occurs during command chaining: 


Unit check 

Unit exception 

Busy indication from device 
Program check 

Protection check 


When an 
chaining 


operation initiated by command 
is terminated because of an 
unusual situation detected during the 
command initiation sequence, the 
interruption condition may remain pending 
within the channel, or the channel nay 
create an interruption condition at the 
device. This interruption condition is 
created at the device only in response to 
presentation of status by the device and 
causes the device subsequently to present 
the same status for interruption purposes. 


The interruption condition at the device 
may or may not be associated with unit 
status. Tf the unusual Situation is 


detected by the device (unit check or unit 
exception) the unit-status field of the 
associated CSW identifies the condition. 
If the unusual situation is detected by the 
channel, as in the case of program and 
protection check, the identification of the 
error is preserved in the subchannel and 
appears in the channel-status field of the 
associated CSW. 


An interruption condition caused by the 
device may be accompanied by channel and 
other unit status. Furthermore, more than 
one condition associated with the same 
device can be cleared at the same time. As 
an example, when channel end is not cleared 
at the device by the time device end is 
generated, both may be indicated in the CSW 
and cleared at the device concurrently. 


However, either prior to or at the time the 
channel asSigns' highest priority for 
interruptions to an interruption condition 
associated With an operation at the 
subchannel, the channel accepts the status 
from the device and clears the condition at 
the device. The interruption condition and 
the associated status indication are 
subseguently preserved in the subchannel. 
Any subSequent status generated by the 
device is not included when the CSW is 
stored, even if the status is generated 
before the interruption condition is 
cleared. 


When the channel is not working, a device 
that is interruption-pending may attempt to 
initiate a request to the channel for an 
I/O interruption by presenting a nonzero 
status byte to the channel. Depending on 
the channel, some models may accept the 
status into the subchannel. Alternatively, 
some models may signal the device to hold 
the status until the channel is capable of 
causing an interruption. In this case, the 
channel selects the device to obtain the 
status when the interruption occurs. The 
status stored by the channel is the status 
presented by the device at interrunption 
time and, because of changed conditions at 
the device, may not be the same status 
presented by the device initially. 
Specifically, a status of zero, busy, or 
busy and status modifier may be stored. 


When the channel detects any of the 
following, it generates an interruption 
condition without necessarily communicating 
with oor having received the status byte 
from the device: 


e PCI flag in a CCW 


e Execution of HALT I/O or HALT DEVICE 


on a selector channel 


e Channel-available interruption (CAT) 


e A programming error associated with 
the CCW or first IDAW following the 

SIOF function 
The interruption conditions from the 
channel, except for CAI, can be accompanied 
by other channel-status indications, but 
none of the device status bits is on when 


the channel 
this case. 


initiates the interruption in 
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Channel-Available Interruption 


The channel-available-interruption (CAI) 
condition is provided on all block- 
multiplexer channels and causes the entire 
CSW to be replaced by a new set of bits. 
All fields of the CSW are set to zero. The 
I/O address stored contains a zero device 
address and aochannel address identifying 
the interrupting channel. 


The channel generates the CAI condition if 
it previously had responded with a 
condition code 2 to an I/O instruction 
other than HALT I/0 or HALT DEVICE and iif 
the working state thus indicated no longer 
exists. When the working state which 
caused condition code 2 was due to a 
subchannel busy with a device other than 
the one addressed, the conclusion of the 
working state is not signaled by a CAI. 


Since any other interruption condition 
(except PCI) accomplishes the same function 
as CAI, a CAI condition is reset upon the 
occurrence of any interruption (except PCI) 
on that channel. Some channels also reset 
a CAI condition when another interruption 
condition (except PCI) is cleared by a TEST 
I/O on the same channel. The occurrence of 
another channel-working state before the 
CAI causes the CAI condition to be 
suspended until the working state ends. 


The CAI is designed to inform the program 
that a channel which previously indicated 
busy is no longer busy. The CAI condition 
pending ina channel doeS not cause the 
rejection of a subseguent START I/0 or 


START I/70 FAST RELEASE but does cause a 
condition code 1 to be returned to TEST 
CHANNEL. The CAI can therefore be used as 


a tool for keeping I/O requests in sequence 
by using it in conjunction with TEST 
CHANNEL. A channel which responded with 
condition code 2 because the channel was 
busy does not subsequently respond witha 
condition code 0 to a TEST CHANNEL without 
clearing an interruption condition in the 
interim. 


PRIORITY OF INTERRUPTIONS 


Generation of interruption conditions is 
aSynchronous to the activity inthe CPU, 
and interruption conditions associated with 
more than one 1/0 device can exist at the 
same time. The priority among interruption 
conditions is controlled by two types of 
mechanisms--one establishes the priority 
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among interruption conditions within a 
channel, and another establishes priority 
among interruption conditions from 


different channels. A 
1/0 interruption 


channel requests an 
only after it has 
established priority among interruption 
conditions. The status associated with 
interruption conditions is preserved in the 
devices or channels until accepted by the 
CPU. 


Assignment of priority among requests for 
interruption associated with devices on any 
one channel is a function of the type of 
channel, the type of interruption 
condition, and the position of the device 
on the I/O interface. A device's position 
on the interface is not related to its 
address. Interruption conditions from 
different devices do not necessarily occur 
in the sequence in which they are 
generated. However, multiple interruption 
conditions for a Single device are 
presented in the sequence in which they are 
generated. 


The priorities among 
interruptions from different channels 
depend on channel addresses. The 
priorities of channels 1-15 are in the 
order of their addresses, with channel 1 
having the highest priority. The priority 
of byte-multiplexer channel 0 is undefined. 
Its priority may be above, below, or 
between those priorities of channels 1-15. 


requests for I/0 


Interruption Action 





An I/O interruption can occur only when the 
CPU is enabled for I/0 interruptions. The 
interruption occurs at the completion of a 
unit of operation. If a channel has 
established the priority among interruption 
conditions, while the CPU is disabled for 
I/O interruptions, the interruption occurs 
immediately after the completion of the 
instruction enabling the CPU and before the 
next instruction is executed. This 
interruption is associated with the highest 
priority condition for the channel. If 
interruptions are allowed from more _ than 
one channel concurrently, the interruption 
occurs from the channel having the highest 


priority among those requesting 
interruption. 
If the priority among interruption 


conditions has not yet been established in 
the channel by the time the interruption is 
allowed, the interruption does not 
necessarily occur immediately after the 
completion of the instruction enabling the 
CPU. This delay can occur regardless of 
how long the interruption condition has 
existed in the device or the subchannel. 


J 


The interruption causes the current 
program-status word (PSW) to be stored as 
the old PSW at real storage location 56 and 
causes the CSW associated with the 
interruption to be stored at real storage 


location 64. In EC node, the channel and 
device causing the interruption are 
identified by the IvO address which is 


stored at real storage locations 186-187. 
In BC mode, the channel and device causing 
the interruption are identified by the I/0 
address in bit positions 16-31 of the I/0 
old SW. 


If a limited-channel logout is present, it 


is stored at real storage locations 
176-179. 

Subsequently, a new PSW is loaded from real 
storage location 120, and processing 


resumes in the state indicated by this PSW. 


The CSW associated with the interruption 
identifies the interruption condition 
responsible for the interruption and 


provides further details about the progress 
of the operation and the status of the 
device. 


Programming Note 


a shared 
executing 
tape or 
mechanisn, the 
generated on 


number of I/O devices on 
unit are concurrently 
operations such as rewinding 
positioning a disk-access 
initial device-end signals 
completion of the operations are provided 
in the order of generation, unless command 
chaining 1s specified for the operation 
last initiated. In the latter case, the 
control unit provides the device-end signal 
for the last initiated operation first, and 
the other signals are délayed until the 
subchannel is freed. Whenever 
interruptions due to the device-end signals 
are delayed because the CPU is disabled for 
T/O interruptions or the subchannel is 
busy, the original order of the Signals is 
destroyed. 


When a 
control 


CHANNEL-STATUS WORD 


The channel-status word (CSW) provides to 
the program the status of an I/O device or 
the indication of the reasons for which an 


I/O operation has been concluded. The CSW 
is formed, or parts of it are replaced, in 
the process of I/0 interruptions and 


possibly during the execution of START I/O, 


START I/O FAST RELEASE, TEST I/O, CLEAR 
I/o, HALT I/0, HALT DEVICE, and STORE 
CHANNEL ID. The CSW 1s stored at real 


storage location 64 and is available to the 
program at this location until the time the 


next I/O interruption occurs or until 
another I/O instruction causes its contents 
to be replaced, whichever occurs first. 


The information placed in the CSW by an I/0 
interruption pertains to the device which 
is identified by the I/0 address” stored 
during the interruption. The information 
placed in the CSW by START I/O, START I/0 
FAST RELEASE, TEST I/0, CLEAR I/0, HALT 
I/O, or HALT DEVICE pertains to the device 
addressed by the instruction. 


The CSW has the following format: 


a a re ee 
Reno EI cel CCW Address | 
0 4 6 8 31 
| Status |{ Status | Count I 
32 40 48 63 
The fields in the CSW are allocated as 


follows: 


Subchannel Key: Bits 0-3 form the access 
key used in the chain of operations at the 
subchannel. 


Logout Pending (L): Bit 5, when one, 
indicates that an I/O instruction cannot be 
executed until a logout has'7 been cleared. 
Bit 45, channel-control check, will always 
be one when bit 5 is one. 


Condition Code Bits 6 and 7 
indicate whether Situations have been 
encountered subsequent to the setting of a 
condition code 0 for START I/O FAST REL®ASE 
that would have caused a different 
condition-code setting for START I/O. The 


possible setting of these bits, and their 


meanings, are as follows: 

(ony ae ee eae ne | 
[Setting of | [ 
a I 
[Bit 6|Bit 7]{ Meaning | 
a 2 ——— 


0 |Normal I/O interruption [ 
1 !Deferred condition code is 1 
QO | (Reserved) | 
1 |Deferred condition code is 3| 
ISSO SSE 


ress Bits 8-31 form an absolute 
address that is 8 higher than the address 
of the last CCW used. 


Status: Bits 32-47 identify 
the device and the channel that caused the 
storing of the CSW. Bits 32-39, the unit 
status, indicate situations detected by the 


the status of 
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device or control unit. Bits 40-47, the 
channel status, are provided by the channel 
and indicate situations associated with the 
subchannel. The 16 bits are designated as 


follows: 

Bit Designation 

32 Attention 

33 Status modifier 

34 Control—unit end 

35 Busy 

36 Channel end 

37 Device end 

38 Unit check 

39 Unit exception 

40 Program—controlled interruption 
4 Incorrect length 

42 Program check 

43 Protection check 

4 Channel—data check 

45 Channel—control check 

46 Inter face—control check 

47 Chaining check 

Count: Bits 48-63 form the residual count 


for the last CCW used. 


UNIT STATUS 


The following status indications are 
generated by the I/O device or control 
unit. The timing and causes of these 


status indications for each type of device 
are specified in the SL publication for the 
device. 


When the I/0 device is accessible from more 
than one channel, status due to 
channel-initiated operations is signaled to 
the channel that initiated the associated 
I/O operation. The handling of status not 
associated with I/O operations, such as 
attention, unit exception, and device end 
because of transition from the not-ready to 
the ready state, depends on the type of 
device and situation and is specified in 
the SL publication for the device. (See 
"Device End" in this chapter.) 


Attention 


device 
that is 
The condition 


Attention is signaled when the 
detects an asynchronous condition 

Significant to the program. 
may also be described by other status 
indications that accompany attention. 
Attention is interpreted by the program and 
is not associated with the initiation, 
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execution, Or conclusion of an I/o 
operation. 
The device can Signal attention to the 


channel when no operation is in progress at 
the I/O device, control unit, or 
subchannel. Attention can be signaled with 
device end upon completion of an operation, 
and it can be signaled to the channel 
during the initiation of a new I/o 
operation. Attention along with device end 
and unit exception can also be signaled 
whenever a device changes from the 
not-~ready to the ready state. The handling 
and presentation of attention to the 
channel depends on the type of device. 


When the device signals attention during 
the initiation of an operation, the 
operation is not initiated. Attention 


causes command chaining to be suppressed. 


An I/O device may present attention 
accompanied by device end and unit 
exception when a not-ready-to-ready-state 


transition is signaled. 
in this chapter. 


(See "Device End" 


Status Modifier 


ns ——= 


Status modifier is generated by the device 
when the clevice cannot provide its current 
status in response to TEST I/O, when the 
control unit is busy, when the normal 
sequence of commands has to be modified, or 
when command retry is to be initiated. 


When status modifier is signaled in 
response to TEST I/O and status modifier is 
the only status bit that is set to one, 
this indicates that the device is unable to 
execute the function specified by the 
instruction and has not provided its 
current status. The interruption 
condition, which may be pending at the 
device or subchannel, has not been cleared, 
and the CSW stored by TEST I/O contains 
zeros in the subchannel-key, CCW-address, 
and count fields. 


When the status-modifier bit in the CSW is 
set to one together with the busy bit, it 
indicates that the busy status pertains to 
the control unit associated With the 
addressed I/0 device. The control unit 
appears busy when it is executing a type of 
operation that precludes the acceptance and 
execution of any command or the 
instructions TEST I/0, HALT I/O, and HALT 
DEVICE or when it contains an interruption 
condition for a device other than the one 
addressed. The interruption condition may 
be due to control-unit end, due to channel 
end following the execution of CLEAR I/O, 
or, on the selector channel, due to channel 
end following the execution of HALT I/O or 


HALT DEVICE. The busy state occurs’ for 
operations such aS backspace file, in which 
case the control unit remains busy after 
providing channel end, for operations 
concluded by CLEAR I/oO, and for operations 
concluded on the selector channel by HALT 
I/O or HALT DEVICE, and temporarily occurs 
on the 2702 Transmission Control after 
initiation of an operation on a device 
accommodated by the control unit. A 
control unit accessible from two or. more 
channels appears busy when it is 
communicating with another channel. 


Presence of status modifier and device end 
means that the normal sequence of commands 
must be modified. The handling of this 
status combination by the channel depends 
on the operation. If command chaining is 
specified in the current CCW and no unusual 
Situations have been detected, presence of 
status modifier and device end causes the 
channel to fetch and chain to the CCW whose 
storage address is 16 higher than that of 
the current CCW. If the IvO device signals 
status modifier at a time when no command 
chaining is specified, or when any unusual 
Situations have been detected, no action is 
taken in the channel, and the 
status-modifier bit and any other status 
bits presented by the device are set to 
ones in the CSW. 


Status nodifier is set to one in 
combination with unit check and channel end 
to initiate the command-retry procedure. 


Control units that recognize special 
conditions that must be brought to the 
attention of the program present status 
modifier along with other status 


indications in order to modify the meaning 
of the status. The status presented is 
unrelated to execution of an I/0 
operation. 


the 


Control-Unit End 


Control-unit end indicates that the control 
unit has become available for use for 
another operation. 


Control-unit end is provided 
control units shared by 
control units accessible 
channels, and only when one 
following have occurred: 


only by 
I/O devices or 
by two or more 

or both of the 


1. The program had 
control unit to 


previously caused the 
be interrogated while 
the control unit was in the _ busy 
state. The control unit is considered 
to have been interrogated in the busy 


state when a command or the 
instructions START I/O, START I/O FAST 
RELEASE (when not executed 


of the device), TEST 
or HALT DEVICE had been 
the control 


independently 
I/O, HALT I/O, 
issued to a device on 
unit, and the control unit had 
responded with busy and status 
modifier in the unit-status byte. See 
the section "Status Modifier" earlier 
in this chapter. 


unit detected an unusual 
during the portion of the 
operation after channel end had been 
signaled to the channel. The 
indication of the unusual situation 
accompanies control-unit end. 


2. The control 
condition 


with the 
after signaling 


If the control unit remains busy 
execution of an operation 
channel end but has not detected any 
unusual Situations and has not been 
interrogated by the program, control-unit 
end is not generated. Similarly, 
control-unit end is not provided when the 
control unit has been interrogated and 
could perform the indicated function. The 
latter case iS indicated by the absence of 
busy and status modifier in the response to 
the instruction causing the interrogation. 


When the busy state of the control unit is 
temporary, control-unit end is included 
with busy and status modifier in response 
to the interrogation even though the 
control unit has not yet been freed. The 
busy condition is considered to be 
temporary if its duration is commensurate 
with the program time required to handle an 
I/O interruption. The 2702 Transmission 
Control is an example of a device in which 
the control unit may be busy temporarily 


and which includes control-unit end with 
busy and status modifier. 

Control-unit end can be signaled with 
channel end, with device end, or between 


the two. Control-unit end may be signaled 
at other times and may be accompanied by 
other status bits. When control-unit end 


is signaled by means of an I/O interruption 
in the absence of any other status, the 
interruption may be identified by any 
address assigned to the control unit. A 
control-unit end may cause the control unit 
to appear busy for the initiation of new 
operations with any attached device. 
Alternatively, a control-unit end may be 
assigned by the control unit to a specific 
device address, and only that device would 


appear busy for the initiation of new 
operations. 

Busy 

Busy indicates that the I/0 device or 


control unit cannot execute the command or 
instruction because (1) it is executing a 
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previously initiated 
contains an interruption 
is shared by channels 
the shared facility is 
(4) a self-initiated function is being 
performed. The status associated with the 
interruption condition for the addressed 
device, if any, accompanies the busy 
status. If busy applies to the’ control 
unit, busy is accompanied by status 
modifier. 


operation, (2) it 
condition, (3) it 
or I/O devices and 
not available, or 
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The figure "Indications of 
lists the situations 


Busy in CSW 
for devices connected 


to only one channel when the busy bit is 
set to one in the CSW and when busy is 
accompanied by status modifier. For 


devices shared by more than one channel, 
operations related to one channel may cause 
the control unit or device to appear busy 
to the other channels. 


SSS SS a ea ee 
| | CSW Status Stored by | 
| | SIO or| | }HIO or| I/0 | 
| Condition |} SIOF# | TIO |CLRIO+| HDV | IRPT# | 
Et et et ett 
Subchannel available | [ | | [ | 
DE or attention in device | B,cl | NB,cl [| * | * | NB,cl | 
Device working, CU available | B | B | * | * | m | 

Cu end or channel end in CU: | | [ | | | 
for the addressed device | B,cl | NB,cl | NB | * | NB,cl | 

for another device | & I $ | NB | * | NB,cl | 

CU working | B,SM | B,SM [| NB | * | B,SM | 
Interruption condition in | | | | I | 
subchannel for the addressed | | | | | | 
device because of: | | | [ { | 
chaining terminated by busy | *x | B,cl  |NB,cl | * | B,cl | 
other type of termination | * | NB,cl |NB,cl | * | NB,cl { 
asynchronous status@ | B,cl | NB,cl JINB,cl | * | NB,cl | 
Subchannel working | | | | | | 
CU available | * | * | NB | NB | * | 

CU working | * | * | NB | B,SM | * | 


EAS Ue 
xplanation: 


ta 


st] 


Busy bit in CSW iS one. 

cl Interruption condition cleared; status is placed in CSW. 

Control unit. 

DE Device end. 

NB Busy bit is zero. 

SM Status—modifier bit appears in CSW. 

* CSW not stored, or I/C interruption cannot occur. 

# When a channel executes START I/O FAST RELEASE as START I/0, the CSW 
Status stored for the two instructions is identical. When START I/O 
FAST RELEASE is executed independently of the device, the same status 
is stored by an I/0 interruption with the CSW also indicating 
deferred condition code 1. 

& Either a CSW is not stored or busy and status modifier are stored. 


$ Unit status of either zeros or busy and status modifier is stored. 


m Unit status of busy may be stored or an fI/0 interruption may not 
occur. 


@ Asynchronous status is any unit status that is not related to the 
termination of an I/O operation at the subchannel. 


# Except when the I/C interruption is caused by a deferred condition 
code 1 for START I/O FAST RELEASE. 


+ The entries in this column apply only when the CLRIO function is 
executed. When CLEAR I/O causes the TIO function to be executed, the 
entries in the TIC column apply. 


camp me 


FR ae aaa ag ad a te gm eet ae ea gre eg ee 
@) 
Cc 


Indications of Busy in CSW 
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Channel End 


Channel end is caused 

the portion of an I/O 
transfer of data or control information 
between the I/O device andthe channel. 
The condition indicates that the subchannel 
has become available for use for another 
operation. 


ky the completion of 
operation involving 


at the device 
Signaled, and 
end for an 


Each I/O operation initiated 
causes channel end to be 

there is only one channel 
operation. Channel end is not’ signaled 
when programming errors or equipment 
malfunctions are detected during initiation 
of the operation. When cormand chaining 


takes place, only the channel end of the 
last operation of the chain is made 
available to the program. Channel end is 
not made available to the program when a 


chain of commands is prematurely concluded 
because of an unusual situation indicated 
with control-unit endor device end or 
during the initiation of a chained command. 


when 
the 


The instant within an I/O operation 
channel end is signaled depends on 
operation and the type of device. For 
Operations such aS writing on magnetic 
tape, channel end occurs when the block has 


been written. On devices that verify the 
writing, channel end may or may not’ be 
delayed until verification is performed, 
depending on the device. When magnetic 
tape is being read, channel end occurs when 
the gap on tape reaches the read-write 
head. On devices equipped with buffers, 


channel end occurs upon completion of data 
transfer between the channel and the 
buffer. During control operations, channel 
end is generated when the control 
information has been transferred to the 
devices, although for short operations 
channel end may be delayed until completion 
of the operation. Operations that do not 
cause any data to be transferred can 
provide channel end during the initiation 
sequence, 

in the control unit 


Channel end May cause 


the control unit to appear busy for the 
initiation of new operations. 

Channel end is presented in combination 
with status modifier and unit check to 


initiate the command-retry procedure. 


Device End 


Device end is indicated (1) when the 
completion of an I/O operation occurs at 
the device, (2) when the I/O device signals 


that a change from the not-ready to the 
ready state has occurred, (3) when the 
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termination of an activity has occurred 
which previously caused a response of busy 
to the channel, and (4) when the I/0 device 
Signals that an asynchronous condition has 
been recognized. Device end normally 
indicates that the I/O device has’ become 
available for use in another operation. 


Each I/O operation initiated at the device 
causes device end, and there is’ only one 
device end for an operation. Device end is 
not generated when any programming or 
equipment malfunction is detected during 
initiation of the operation. When command 
chaining takes place, only the device end 
of the last operation of the chain is made 
available to the program unless an unusual 
condition is detected during the initiation 
of achained command, in which case the 
chain is concluded without device end. 


Device end associated with an I/O operation 
is agenerated either simultaneously with 
channel end or later. For data-transfer 
operations on some I/O devices, the 
operation is complete at the time channel 
end is generated, and both device end and 
channel end occur together. The time at 
which device end is presented depends upon 
the I/0 device type and the kind of command 
executed. For most I/O devices, device end 
is presented when the I/O operation is 
completed at the I/0 device. In some 
cases, for reasons of performance, device 
end is presented before the I/0 operation 
has actually been completed at the I/0 
device. However, in all cases, when device 
end is presented, the I/0 device is 
available for execution of an immediately 
following CCW if command chaining was 
specified in the previous CCW. During 
execution of control commands, device end 
may be presented with channel end or later. 
When command chaining is specified, receipt 
of the device-end signal, in the absence of 
any unusual situations, causes the channel 
to initiate a new I/0 operation. 


When the state of a device is changed from 
not ready to ready, either device end or 
device end, attention, and unit exception 
are indicated. Refer to the SL manual for 
the 1/0 device to determine which 
indication is given. 


A device is considered to be not-ready when 
operator intervention is required in order 
to make the device ready. A not-ready 
condition can occur, for example, because 
of any of the following: 


1. An unloaded condition for magnetic 
tape 
2. Card equipment out of cards or with 


the stacker full 


3. A printer out of paper 


4. Error conditions that need operator 
intervention 
5. The unit having changed from the 


enabled to the disabled state 


Device end is also accompanied by other 
status where conditions are recognized that 
are unrelated to the execution of an I/0 
operation. 


Unit Check 


Unit check indicates that the I/O device or 
control unit has detected an unusual 
Situation that is detailed by the 
information available to a sense command. 
Unit check may indicate that a programming 
or equipment error has’ been detected, that 
the not-ready state of the device has 
affected the execution of the command or 
instruction, or that an exceptional 
situation other than the one identified by 
unit exception has occurred. The 
unit-check bit provides a summary 
indication of the sense data. 


causes the unit-check indication 
when it occurs during the execution of a 
command or TEST I/0, or during some 
activity associated with an I/O operation. 
Unless the error pertains to the activity 
initiated by a command and is of immediate 
Significance to the program, the error does 
not cause the program to be alerted after 
device end has been cleared; a malfunction 
may, however, cause the device to become 
not ready. 


An error 


when the existence 
state precludes a 

of the command, or 
its nature, tests the 
When no interruption 


Unit check is indicated 
of the not-rea dy 
Satisfactory execution 
when the command, by 
state of the device. 


condition is pending for the addressed 
device at the control unit, the control 
unit signals unit check when TEST I/0 or 


the no-operation control command is issued 
to a not-ready device. In the case of 
no-operation, the command is rejected, and 
channel end and device end do not accompany 


unit check. 


is designed to cause 
rewind and unload on 
unit check is not indicated 


Unless the command 
unit check, such as 
magnetic tape, 


if the command is properly executed even 
though the device has become not ready 
during or as asresult of the operation. 


Similarly, unit check is not indicated if 
the command can be executed with the device 
not ready. Selection of a device that is 
not ready does not cause a unit check when 
the sense command is issued or when an 
interruption condition is pending for the 
addressed device at the control unit. 


If the device detects during the initiation 


sequence that the command cannot be 
executed, unit check is signaled to the 
channel without channel end, control-unit 
end, or device end. Such unit status 


indicates that no action has been taken at 
the device in response to the command. If 
the situation precluding proper execution 
of the operation occurs after execution has 


been started, unit check is accompanied by 


channel end, control-unit end, or device 
end, depending on when the situation was 
detected. Any errors associated with an 
operation, but detected after device end 
has been cleared, are indicated by 
Signaling unit check with attention. 

Errors, such as invalid command code or 


not cause 
working or 
at the 
these 
by 


invalid command-code parity, do 
unit check when the device is 

contains an interruption condition 
time of selection. Under 

circumstances, the device responds 
providing busy status and indicating the 
interruption condition, if any. The 
command-code invalidity is not indicated. 


Concluding an operation with the unit-check 
indication causes command chaining to be 
suppressed. 


Unit check is presented in combination with 
channel end and status modifier to initiate 
the command-retry procedure. 


Programming Notes 


1. If a device becomes not ready upon 
completion of a command, the ending 
interruption condition can be cleared 
by TEST I/O without generation of unit 
check due to the not-ready state, but 
any subsequent TEST I/O issued to the 
device causes a unit-check indication. 


2. In order that sense indications set in 
conjunction with unit check are 
preserved by the device until 
requested by a sense command, some 
devices inhibit certain functions 
until a command other than test I/0 or 
no-operation is received. 
Furthermore, any command other’ than 
sense, test I/O, or no-operation 
causes the device to reset any sense 
information. To avoid degradation of 
the device and its control unit and to 
avoid inadvertent resetting of the 
sense information, a sense command 
Should be issued immediately to any 
device signaling unit check. 


3. Unit-check status presented either in 
the absence of or accompanied by other 
status indicates only that sense 
information is available to the basic 
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sense command. Presentation of either 
channel end and unit check or channel 
end, device end, and unit check does 
not provide any indication as’ to the 
kind of conditions encountered by the 
control unit, the state of the I/0 
device, or whether execution of the 
I/O operation ever was initiated. 
Descriptions of these conditions or 
states are provided in the sense 
information. 


Unit Exception 


Unit exception is caused when 
device detects a situation that 
does not occur. Unit exception 
Situations such as recognition 
mark and does not necessarily 
error. During execution of an I/O 
operation, unit exception has only one 
meaning for any particular command and type 
of device. 


the I/0 
usually 
includes 
of a tape 
indicate an 


Unit exception 
device is 


generated when the 
I/O operation, or 


may be 
executing an 


when the device is involved with some 
activity associated with an I/O operation 
and the condition is of immediate 


Significance to the program. If the device 
detects during the initiation sequence that 
the operation cannot be executed, unit 
exception is presented to the channel and 
appears without channel end, control-unit 
end, or device end. Such unit status 
indicates that no action has been taken at 
the device in response to the command. If 
the condition precluding normal execution 
of the operation occurs after the I/0 
operation has been initiated, unit 
exception is accompanied Ey channel end, 
control-unit end, or device end, depending 
on when the Situation was detected. Any 
unusual condition associated with an I/0 
operation, but detected after device end 
has been cleared, is indicated by signaling 
unit exception with attention. 


If the I/O device responds with busy status 


to a command, the generation of unit 
exception is suppressed even when execution 
of that command usually causes unit 
exception to be indicated. 

Concluding an operation with the 
unit-exception indication causes command 
chaining to be suppressed. 

Some devices present unit exception 
accompanied by device end and attention 
whenever a device changes from the 
not-ready state to the ready state. (See 


"Device End" in this chapter.) 
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CHANNEL STATUS 


The following status bits 
the channel. Except for the status bits 
resulting from equipment malfunction, they 
can occur only while the subchannel is 
involved with the execution of an I/0 
operation. 


are generated by 


Program-Controlled Interruption 


A progranm-controlled 
when the channel fetches a 
program-controlled-interruption (PCI) 
set to one. The I/0 interruption due to 
the PCI flag takes place as soon as 
possible after the CCW takes control of the 
operation but may be delayed an 
unpredictable amount of time because I/0 
interruptions are disallowed or because of 
other activity in the systen. 


interruption occurs 
CCW with the 
flag 


the PCI 
of the 


The interruption condition due to 
flag does not affect the progress 
I/O operation. 


Incorrect Length 


Incorrect length occurs when the number of 
bytes contained in the storage areas 
assigned for the I/O operation is not equal 
to the number of bytes requested or offered 
by the I/O device. Incorrect length is 
indicated for one of the following reasons: 


Long Block on Input: During a_ read, 
read-backward, or sense operation, the 
device attempted to transfer one or more 


bytes to storage after the assigned storage 


areas were filled. The extra bytes have 
not been placed in storage. The count in 
the CSW is zero. 

Long Block on Output: During a write or 


control operation, the device requested one 
or more bytes from the channel after the 
assigned storage areaS were exhausted. The 
count in the CSW iS Zero. 


ort Block on The number of bytes 
transferred during a read, read-backward, 
or sense operation is insufficient to fill 


the storage areas assigned to the 
operation. The count in the CSW is not 
zero. 

Short Block on Output: The device 
terminated a write or control operation 
before all information contained in the 


transferred to 
the CSW is not 


asSigned storage areas was 
the device. The count in 
Zero. 


Incorrect length is not indicated when the 
current CCW has the SLI flag set to one and 
the CD flaq set to zero. The indication 
does not occur for immediate operations and 
for operations rejected during the 
initiation sequence. 


When incorrect length occurs, command 
chaining is suppressed, unless the SLI flag 
in the CCW is one or unless’ the operation 
is immediate. See the figure "Channel- 
Chaining Action" in this chapter for the 
effect of the CD, CC, and SLI flags on the 
indication of incorrect length. 


Programming Note 


The setting of incorrect 
unpredictable in the CSW 
CLEAR I/0. 


length is 
stored during 


Program check occurs when programming 
errors are detected by the channel. 
Program check can be due to the following 
causes: 


Invalid CCW-Address Specification: The CAW 
or the transfer-in-channel command does not 
designate the CCW on integral boundaries 
for doublewords. The three rightmost bits 
of the CCW address are not zeros. 


Invalid CCW Address: The channel has 
attempted to fetch a CCW from a_ storage 
location which is not available to the 
channel. An invalid CCW address can occur 
in the channel because the program has 
specified an invalid address in the CAW or 
in the transfer-in-channel command or 
because on chaining the channel has 
attempted to fetch a ccWw from an 
unavailable location. 
Invalid Command Code: The command code in 
the first CCW designated by the CAW or ina 
cCw fetched on command chaining has’ four 
low-order zeros. The command code is not 
tested for validity during data chaining. 
alid Count: A CCW other than a CCW 
specifying transfer in channel contains the 
value zero in bit positions 48-63. 
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indirect data addressing is specified, and 
the data address does not designate the 
first IDAW on an integral word boundary. 


Invalid IDAW Address: The channe] has 
attempted to fetch an IDAW from a storage 
location 


which is not available to the 


channel. An invalid IDAW address can occur 
in the channel because the program has 
specified an invalid address ina CCW that 
Specifies indirect data addressing or 
because the channel, on sequentially 
fetching IDAWsS, has attempted to fetch from 
an unavailable location. 


Invalid Data Address: The channel has 
attempted to transfer data to or from a 
storage location which is not available to 
the channel. An invalid data address can 
occur in the channel because the program 
has specified an invalid address in the 


CCW, or in an IDAW, or because the channel, 


on sequentially accessing storage, has 
attempted to access an unavailable 
location. 

Invalid IDAW Specification: Bits 0-7 of 


the IDAW are not all zeros, or the second 
or subsequent IDAW does not specify the 
first or, for read-backward operations, the 
last byte of a 2,048-byte storage block. 


Invalid CAW Format: The CAW does not 
contain zeros in bit positions 4-7. 


Invalid CCW Format: A CCW other than a CCW 
specifying transfer in channel does not 
contain zeros in bit positions 38-39. 


Invalid Sequence: The first CCW designated 
by the CAW specifies transfer in channel, 
or the channel has fetched two successive 
CCWs both of which specify transfer in 
channel. 


Detection of progran check during the 
initiation of an operation causes execution 
of the operation to be suppressed. When 
progran check is detected after the 
operation has been initiated at the device, 
the device is signaled to conclude the 
operation the next time it requests or 
offers a byte of data. Program check 
causes command chaining to be suppressed. 


Protection Check 


ne 


check occurs when the’ channel 

storage access that is 
prohibited by key-controlled storaqge 
protection. Protection applies to the 
fetching of CCWs, IDAWsS, and output data, 
and to the storing of input data. Storage 
accesses associated With each channel 
program are performed using the subchannel 
key provided in the CAW associated with 
that channel program. For details, see the 
section "Key-Controlled Protection" in 
Chapter 3, "Storage." 


Protection 
attempts a 


When protection check occurs 
fetching of a CCW that 
initiation of 


during the 
specifies the 
an I/O operation, or occurs 
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during the fetching of the first IDAW, the 
operation is not initiated. When 
protection check is detected after the 
operation has been initiated at the device, 


the device is siqnaled to conclude the 
operation the next time it requests or 
offers a byte of data. Protection check 


causes command chaining to be suppressed. 


Channel-data check indicates that a machine 
error has keen detected in the information 
transferred to or from storage during an 
I/O operation, or that a parity error has 
been detected on the data on bus~in during 
an input operation. This information 
includes the data read or written, as well 


as the information transferred as data 
during a sense or control operation. The 
error may have been detected in the 
channel, in storage, or on the path between 
the two. Channel-data check may be 
indicated for data with an invalid 
checking-block code in storage when the 


data is referred to by the channel but the 
data does not participate in the operation. 


Whenever a parity error on I/O input data 
is indicated by means of channel-data 
check, the channel forces correct parity on 
all data received from the I/O device, and 


all data placed in storage has valid 
checking-block code. When, cn an input 
operation, the channel attempts to store 


less than a complete checking block, and 
when invalid checking-Llock code is 
detected on the checking block in storage, 
the contents of the location remain 
unchanged with invalid checking-block code. 
On an output operation, whenever a 
channel-data check is indicated, all bytes 
that came from a checking block with 
invalid checking-block code have been 
transmitted with parity errors. 


Channel-data check causes 
to be suppressed but does not affect the 
execution of the current operation. Data 
transfer proceeds to normal completion, if 
possible, and an interruption condition is 
generated when the device presents channel 
end. A logout may be performed, depending 
on the channel. Accordingly, the detection 
of the error may affect the state of the 
channel and the device. 


command chaining 


Channel~Control Check 


Channel-control check is caused by machine 
malfunction affecting channel controls. It 
may be caused by invalid checking-block 
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code on CCW and data addresses and invalid 
checking-block code on the contents of the 
ccwW. Channel-control check may also 
include those channel-detected errors 
associated with data transfer that are not 
indicated as channel-data check, as well as 
those I/O interface errors detected by the 
channel that are not indicated as 
interface-control check. Errors 
responsible for channel-control check may 
cause the contents of the CSW to be invalid 
and conflicting. The CSW as generated by 
the channel has valid checking-block code. 


Detection of channel-control check 
the current operation, if any, 
immediately concluded. 


causes 
to be 


Channel-control check is set whenever CSW 


bit 5, logout pending, is set to one. 

In some situations, machine malfunctions 
affecting channel control may instead be 
reported as an external-damage or 


system-damage machine-check condition. 


Interface-control check indicates that an 
invalid signal has been received by the 
channel when communicating with a control 
unit or device. This check is detected by 
the channel and usually indicates 
malfunctioning of an I/O device. It can be 
due to the following: 


1. The address or status byte received 
from a device has invalid parity. 

2.2 A device responded with an address 
other than the address specified by 
the channel during initiation of an 
operation. 


3. During command chaining the device 


appeared not operational. 


4. A Signal from a device occurred at an 
invalid time or had invalid duration. 


5. A device signaled I/O error alert. 


The interface-control-check condition may 
also include those channel-detected errors 
associated with bus-in during data transfer 
that are not indicated as channel-data 
check. 


Detection of interface-control check causes 
the current operation, if any, to. be 
immediately concluded. 


Chaining Check 





Chaining check is caused by channel overrun 
during data chaining on input operations. 
Chaining check occurs when the I/O data 
rate is too high to be handled by the 
channel and by storage under current 
conditions. Chaining check cannot occur on 
output operations. 


Chaining check causes the I/0 device to be 
signaled to conclude the operation. It 
causes command chaining to be suppressed. 


CONTENTS OF CHANNEL-STATUS WORD 


The contents of the CSW depend on the 
reason the CSW was stored and on the 
programming method by which the information 
is obtained. The status portion always 
identifies the reason the CSW was stored. 
The subchannel-key, CCW-address, and count 
fields may contain information pertaining 
to the last operation or may be set to 
zero, or the original contents of these 
fields at location 64 may be left 
unchanged. 


Information Provided ry Channel-Status Word 





Interruption conditions resulting from the 
execution or conclusion of an operation at 
the subchannel cause the whole CSW to be 
replaced. Such a CSW can te stored only by 
an I/O interruption or by TEST I/O or CLEAR 
I/O. Except for situations associated with 
command chaining and equipment 
malfunctioning, the storing can be caused 
by PCI or channel end and by the execution 
of HALT T/0 or HALT DEVICE on the selector 


channel. The contents of the CSW are 
related to the current values of the 
corresponding quantities, although the 


count iS unpredictable after program check, 
protection check, and chaining check, and 
after an interruption due to the PCI flaq. 


A CSW stored upon the execution of a chain 
of operations pertains to the last 
operation which the channel executed or 
attempted to initiate. Information 
concerning the preceding operations is not 
preserved and is not made available to the 
progran. 


command 
premature 


When an unusual situation causes 
chaining to be suppressed, the 

conclusion of the chain is not explicitly 
indicated in the CSW. A CSW associated 
with a conclusion due to a situation 
occurring at channel-end time contains 
channel end and identifies the unusual 


Situation. When the device signals’ the 
unusual situation with control-unit end or 
device end, the channel-end indication is 
not made available to the program, and the 
channel provides the current subchannel 
key, CCW address, and count, as well as the 
unusual indication, with control-unit end 
or device end in the CSW. The CCW-address 
and count fields pertain to the operation 
that was executed. 


When the execution of a chain of commands 
is concluded by an unusual situation 
detected during initiation of a hew 


operation, the CCW-address and count fields 
pertain to the rejected command. Except 
for situations resulting from equipment 
Malfunctioning, conclusion at initiation 
time can occur because of attention, unit 
check, unit exception, or program check, 
and causes'7 both the channel-end and 
device-end bits in the CSW to be set _ to 
zeros. 


A CSW associated with status signaled after 
the operation at the subchannel has been 
concluded contains zeros in the subchannel- 
key, CCW-address, and count fields, 
provided the status is not cleared during 


START I/0 or START I/O FAST RELEASE and 
provided logout pending is not indicated. 
This status includes attention, 


control-unit end, and device end (and 
channel end when it occurs after the 
conclusion of an operation on the selector 
channel by HALT I/0 or HALT DEVICE). 


other 
cleared during 


When the above 
than logout 


status indications, 
pending, are 


START I/O or START I/O FAST RELEASE, only 
the status portion of the CSW is stored, 
and the original contents of the 


subchannel-key, 
deferred-condition-code, logout- pending, 
and count fields in location 64 are 
preserved. Similarly, only the status bits 
of the CSW are changed when the command is 
rejected or the operation at the subchannel 
is concluded during the execution of START 
I/O or START I/O FAST RELEASE or whenever 
HALT I/O or HALT DEVICE causes CSW status 
to be stored. 


CCW-address, 


Errors detected during execution of the I/0 
Operation do not affect the validity of the 
CSW unless channel-control check or 
interface-control check are indicated. 
Channel-control check indicates that 
equipment errors have been detected which 
can cause any part of the CSW, as well as 
the 1/0 address, to be invalid. 
Interface-control check indicates that the 
address identifying the device or the 
status bits received from the device may be 


invalid. The channel forces correct parity 
on invalid CSW fields. The validity of 
these fields can be ascertained by 


inspecting the limited channel logout. 
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When any I/O instruction cannot be executed 
because of a pending logout which affects 
the operational capability of the channel 
or subchannel, a full CSW is stored. The 
fields in the CSW are all set to zeros, 
with the exception of the logout-pending 
bit and the channel-control-check bit, 
which are set to ones. 


Subchannel Key 


A CSW stored to reflect the progress of an 
operation at the subchannel contains the 
subchannel key used in that operation. The 
contents of this field are not affected by 
programming errors detected by the channel 
or by the situations causing termination of 
the operation. 
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ccW Address 


When the CSW is formed to reflect’ the 
progress of the I/0 operation at the 
subchannel, the CCW address is normally 8 
higher than the address of the last CCW 
used in the operation. 


The figure "Contents of the CCW-Address 
Field in the CSW" lists the contents of the 
CcW-address field for all situations that 
can cause the CSW to be stored. They are 
listed in order of priority; that is, if 
two situations occur, the CSW appears as 
indicated for the situation higher on the 
list. When a CSW has been stored and the 
Situation exists that a command-retry 
request has been recognized but the CCW has 
not been re-executed, the "last-used CCW + 
8" is the CCW that is to be retried. 


Channel—control check 


a AL NT SD A TY 


Situations | 


Status stored by START I/C or 
START I/O FAST RELEASE 

Status stored by HALT I/O or 
HALT DEVICE 


Invalid 


CcCW—address spec in 


transfer in channel (TIC) 


Invalid 
Invalid 
Invalid 
Invalid 
Invalid 
Invalid 
Invalid 
Invalid 
Invalid 


access 


CCW address in TIC 
CCW address generated 
command code 

count 

data address 

CCW format 
sequence — 2 TICs 
key on CCW fetch 
key on data or IDAW 


Chaining check 
Termination under count control 
Termination by I/O device 


Termination by CLEAR I/0 

Suppression of command 
chaining due to unit check 
or unit exception with de— 
vice end or control-unit end 

Termination on command 


chaining by busy, 
check, 


unit 
or unit exception 


Deferred condition code 1 or 3 


PCI flag in CCW 


| 
| 
| 
| 
| 
[ 
| 
[ 
[ 
| 
[ 
| 
| 
| 
[ 
| 
| 
{ 
{ 
| 
Termination by HALT I/0 [ 
| 
| 
| 
| 
| 
l 
| 
l 
| 
| 
| 
| 
[ 
| 
[ 
[ 
| 
| 
| 
[ 


Contents of Field { 


Unchanged 


Unchanged 


Address of TIC + 8 


Address of TIC + 8 
First invalid CCW address + 8 


Address 
Address 
Address 
Address 
Address 
Address 
Address 


Address 
Address 
Address 
Address 
Address 
Address 


the completed operation + 8 


Address of CCW specifying 
the new operation + 8 


Address of CCW specifying 
the new operation + 8 
Address of last—used CCW + 8 


of 
of 
of 
of 
of 
of 
of 


of 


SS SS ee 
Unpredictable 


invalid CCW + 8 
invalid CCW + 8 
invalid CCW + 8 
invalid CCW + 8 
second TIC + 8 
protected CCW + 8 


current CCW + 8 

last—used CCW + 8 
last—used CCW + 8 
last—used CCW + 8 
last—used CCW + 8 
last—used CCW + 8 
last CCW used in 


Interface control check Unpredictable 
Channel end after HALT I/0 Zero 
on selector channel 
Channel end after CLEAR I/C Zero 
Control—unit end Zero 
Device end Zero 
Attention Zero 
Busy Zero 
Status modifier Zero 
Ser ee ee Co ee ee | 


Contents of the CCW—Address Field in the CSW 


The residual count, in conjunction with the 
original count 
used, 


ount 


indicates 
transferred to or from 
by the CCW. 
concluded, 

original count in the 
count in the CSW is 

bytes transferred to storage; 


specified in 
the number 
When an 


the difference 


the last 
of 


CCW 
bytes 
the area designated 
input operation 
between 

CCW and the residual 
equal to the number of 
on an output 


is 
the 


operation, the difference is equal to the 
number of bytes transferred to the I/0 
device. 


The figure "Contents of the Count Field in 
the CSW" lists the contents of the count 
field for all situations that can cause the 
CSW to be stored. They are listed in the 
order of priority; that is, if two 
Situations occur, the CSW appears as’ for 
the situation higher on the list. 
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cr as ee. aa ’ 


{ Situations | 


t-——_—__—_—__— —_——_—_—_|+-—-———_ 
|\Channel—control check 


[Status stored by START I/C or {Unchanged 

| START I/O FAST RELEASE | 

{Status stored by HALT I/O or |Unchanged 

| HALT DEVICE [ 

{Program check | Unpredictable 
{Protection check [Unpredictable 
{Chaining check [Unpredictable 
{Termination under count control [Correct 
|Termination by I/O device | Correct 
{Termination by HALT I/C or (Unpredictable 
| HALT DEVICE | 

{Termination by CLEAR I/0 {Unpredictable 
|Suppression of command |Correct. 


| chaining due to unit check [ 


| or unit exception with device | operation. 
{| end or control—unit end | 
{Termination on command chaining |[Correct. 


| by busy, unit check, or unit | 
| exception | 


{Unpredictable 


Contents of Field | 


—--4 


| 

| 

[ 

\ 

| 

| 

| 

| 

{ 

{ 

{ 

| 

| 

Residual count of last] 
CcW used in the completed | 
[ 

{ 

Original count of { 
\ 

| 

{ 

[ 

l 

| 

| 

| 

| 

| 

[ 


CCW specifying the new 
Operation. 


Original count of CCW 
specifying the new operation. 


| 


| 


{Deferred condition code 1 or 3 |Correct. 

( | 

{PCI flag in CCW {Unpredictable 
| Inter face—control check {Unpredictable 
(Channel end after FALT I/C | Zero 

{| on selector channel { 

|Channel end after CLEAR I/C {Zero 
|Control—unit end | Zero 

|Device end {Zero 
{Attention | Zero 

| Busy |Zero 

[Status modifier {Zero 

ee enn eee ae aR ree 2 ee ee 


Contents of the Count Field in the CSW 


Status 
The status bits identify the situations 
that have been detected during the I/0 


operation, that have caused a command to be 
rejected, or that have been generated by 
external events. 


When the channel detects several errors, 
all corresponding status bits in the CSW 
may be set to ones or only one may be set, 
depending on the error and model. Errors 
associated with equipment malfunctioning 
have precedence, and whenever 
malfunctioning causes an operation to be 
terminated, channel-control check, 
interface-control check, or channel-data 
check is indicated, depending on the error. 
When an operation is concluded by program 
check, protection check, or chaining check, 
the channel identifies the Situation 
responsible for the conclusion and may or 
may not indicate incorrect length. When a 
data error has’ been detected and the 
operation is concluded prematurely because 
of a program check, protection check, of 
chaining check, both data check and the 
programming error are identified. 
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ee 


If the CCW fetched on command chaining has 
the PCI flag set to one but a programming 
error in the contents of the CCW precludes 
the initiation of the’ operation, it is 
unpredictable whether the PCI bit is one in 
the CSW associated with the interruption 
condition. Similarly, if a programming 
error in the contents of the CCW causes the 
command to be rejected during execution of 


START I/O or START I/0 FAST RELEASE, the 
CSW stored by the instruction may or may 
not have the PCI bit set to one. 
Furthermore, when the channel detects a 
programming error in the CAW or in the 
first CCW, the PCI bit is unpredictable in 


a CSW stored by START I/O or START I/0 FAST 


RELEASE even when the PCI flag is zero in 
the first CCW associated with the 
instruction. 

However, if the CCW fetched on command 


chaining has the PCI flag set to one but an 
unusual situation detected by the device 
precludes the initiation of the operation, 
the PCI bit is one in the CSW associated 
with the interruption condition. Likewise, 


if device status causes the command to be 
rejected during execution of START TI/0 or 
START I/O FAST RELEASE, the CSW stored by 


2 


the instruction contains the PCI bit set to 
one. 


Situations detected by the channel are not 
related to those identified by the I/0 
device. 


The figure "Contents of the CSW 
Fields" summarizes the handling 
bits. The figure lists the 
activities that can cause status 
indications to be created and the methods 
by which these indications can be placed in 
the CSW. 


Status 
of status 
states and 


CHANNEL LOGOUT 


When a channel stores a CSW that indicates 
channel-control check in the absence of 
logout pending, or interface-control check, 
or, on some channels, channel-data check, a 
channel logout accompanies the storing of 


the CSW. Such a logout is useful for error 
recovery. The logout may be a limited 
channel logout, a full channel logout, or 
both. The type of logout that occurs and, 


for the full channel logout, the length of 
the full channel logout and the location at 
which it is stored, depend on the channel 


type and model number. 


The limited channel logout contains 
model-independent information and is stored 
at real locations 176-179 of the CPU to 
which the channel is configured. When it 
is stored, bit 0 of the logout is always 
stored as a zero. 


The full channel 
model-dependent information. When the 
length of the full channel logout exceeds 
96 bytes, it is stored at the location 
specified by the I/O extended-logout (IOEL) 
address in real locations 173-175 of the 
CPU to which the channel is configured. 
When the length of the full channel logout 
is 96 bytes or fewer, the channel nay 
either use the IOEL address or store the 
full channel logout in the fixed-logout 
area, real locations 256-351 of the CPU to 
which the channel is configured. The 
information stored by the STORE CHANNEL ID 
instruction implies whether the IOEL is 
used and, if it is used, specifies’ the 
maximum full-channel-logout length. The 
full-channel-logout information may be 
stored in the IOEL area only when the IOEL- 


logout contains 


mask bit (control register 14, bit 2) of 
the CPU to which the channel is configured 
is one. 
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(ey 
| | {Upon Termination| | | | | | 


| [ 
| | |When lof Operation at |During|[By | | {By | | 
| {When [Subch ~————,—————,——4Cmd {SIO | | By {HIO{By I70O | 
[ {1/0 islis | | Ctrl {1/O|{Chain—-Jor |By |CLRIOjor [{Inter— | 
[ Status [Idle |Working|[Subch/] Unit |Dev|ing | SIOF | TIO] + [HDV| ruption] 
-———_——__-—_ +--+ + —_ —_-+- 4 HH tH HH HI 
j|Attention |c* | | | j|c* |[C* 1s {Ss |S { |S | 
|Status modifier { | | | {Cc {Cc {Cs icS [S |cS |S | 
|Control—unit end | | | | cx | | IcS {cS {Ss Ics [S | 
| Busy | ( l | | [Cc ICS CS {S ICS [S [ 
{Channel end | | |c* | C*¥H | | C*# ICS# [S [{S | {Ss | 
[Device end | c* [ { | {c* |C # |cs# |S  {S | i) | 
{Unit check {Cc | {Cc | Cc {c |Cc* {CS IcS |S { 1CS | 
[Unit exception | | {Cc | Cc {Cc | c* {Cs Is |S | {Ss | 
| Program—controlled | | | | | | | | | | [ [ 
| interruption | |c* |c* | [ [Cc ics «S |S | 1s ( 
[Incorrect length | {Cc [Cc | | { | Is [S | 1S | 
}Program check | {Cc jc I | | c* icS |S |S | Is | 
{Protection check | [Cc {Cc | | | C* {cs 1s 1s | {Ss | 
|Channel—data check [ ic {Cc [ | | | ts 4s | 1s | 
|Channel—control check |c* |c* |c* | c* ;|c* |Cc* (CS cS |CS ICS [CS | 
|Interface—control check|C* {c* (c* | C* }Cc* | C* {cs |IcS {CS IcS [CS | 
{Chaining check | {Cc {Cc | | | | is «s | 1s | 
|Deferred cond code 1 | | { | | | 1c*# |S |S | |S { 
|Deferred cond code 3 | | | | { | |C*# |S |S | is | 
a4 


el ee es ee 8 eS ee ee, 

|Explanation: 

1 © The channel or device can create or present status at the indicated time. A CSW 
or its status portion is not necessarily stored at this time. 


Status such as channel end or device end iS created at the indicated time. Other 
Status bits may have been created previously but are made accessible to the program 
only at the indicated time. Examples of such status bits are program check and 
channel—data check, which are detected while data is transferred but are made 
available to the program only with channel end, unless the PCI flag or an equipment 
malfunction has caused an interruption condition to be generated earlier. 


S The status indication is stored in the CSW at the indicated time. 


| 

| 

[ 

| 

| 

[ 

[ 

| 

| 

| 

| 

| An "S" appearing alone indicates that the status has been created previously. The 
| letter "C" appearing with the "S" indicates that the status did not necessarily 
| exist previously in the form that causes the program to be alerted, and may have 
| been created by the I/O instruction or I/O interruption. For example, an equipment 
| malfunction may be detected during an I/O interruption, causing Cchannel-—control or 
| interface—control check to be indicated; or a device such as the 2702 may signal 
| control—unit busy in response to interrogation by an I/O instruction, causing status 
| modifier, busy, and control—unit end to be indicated in the CSW. 
l 

| 

l 

| 

| 

| 

| 

{ 

| 

[ 

| 

| 

| 

{ 

| 

| 

[ 


* The status generates an interruption condition. 


Channel end and device end do not result in interruption conditions when command 
chaining is specified and no unusual Situations have been detected. 


# This indication is created at the indicated time only by an immediate operation. 
# Applies only to SIOF. 
H When an operation on the selector channel has been concluded by HALT DEVICE or HALT 


I/O, or an operation has’' been concluded by CLEAR I/O, channel end indicates the 
conclusion of the data—handling portion of the overation at the control unit. 


ee ee 


+ The entries in this column apply only when the CLPIO function is executed. When 
CLEAR I/O causes the TIO function to be executed, the entries in the TIO column 
apply. 

es a 


Contents of the CSW Status Fields 
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T/O-COMMUNICATION AREA 


Real locations 160-191 of the CPU to which 
the channel is configured comprise a 
permanently assiqned area of storage used 
for I/O, designated the I/0O-communication 
area (TOCA). (See the figure 
"T/0-Communication Area.") 


Locations 160-167, 180-184, and 188-191 are 
reserved for future I/O use. 


Channel ID (Locations 168-171): Locations 
168-171, when stored during the execution 
of a STORE CHANNEL ID instruction, contain 


information which describes the addressed 
channel. 
ifZO Extended-Logout Address (Locations 


173-175): The I/0 extended-logout (IOEL) 
address (locations 173-175) is program-set 
to designate an area to be used by channels 
not capable of storing or not choosing to 
store the full channel logout in the 
fixed-logout area (locations 256-351). The 
low-order three bits of the 





and are ignored by the channel so that the 
full channel logout always begins on a 
doubleword boundary. 


Whether the IOEL facility is 
on the channel type and model number. 
Channels with a full-channel-logout length 
not exceeding 96 bytes use either the IOEL 
area Or locations 256-351 as the 
full-channel-logout area. Channels with a 
full-channel-logout length exceeding 96 
bytes use the IOEL area. 


used depends 


Programming Note 


The extent of the full-channel-logout area 
differs among channels and, for any 
particular channel, may depend oon the 
features or engineering changes installed. 
In order to provide for such variations, 
the program should determine the extent of 
the full channel logout by means of STORE 
CHANNEL ID whenever a_ storage area for the 
full channel logout is to be assigned. 


I/O-extended-logout address are reserved 
(Se a ar aaa a care aaa | 
160] | 
| | 
164] | 
-——_—___--____ —_——-_——_---———— ee 
168] Channel ID | 
|----__——_-,—--—____— 4 
172 | | IOFL Address | 
eee erm ere ERE. (ene aetna eee ee ee ee ene ee ee | 
176 | Limited Channel Logout | 
sss ra 
180| | 





{—_________+ 
184 | i0 000000 of 
hat i sa 


188] 


————— 


1/O—Communication Area 


HH 
I/O Address | 


ne | 


Chapter 12. Input/Output Operations 12-71 


Limited Channel Logout (Locations 
176-179): The limited-channel-logout field 
(locations 176-179) contains mode l- 
independent information related to 
equipment errors detected by the channel. 
This information is used to provide 
detailed machine status when errors have 


affected I/O operations. The 
stored only when the CSW ora 
the CSW is stored. 


field may be 
portion of 


The limited-channel-logout facility may not 
be available on all channels. The field, 
if stored, may or may not be accompanied by 
the full channel logout. Channels which do 
not store the limited-channel-logout field 
instead usually store equivalent 
information in the full channel logout. 

defined as 


The bits of the field are 


follows: 


0 This bit is always stored as a zero 
when a limited channel logout is 
stored. If the program ensures 
that this bit is set to one and any 
channel-control check, interface- 
control check, or channel-data 
check occurs, atest of this bit 
can determine if the LCL was stored 
by the channel. The ICL cannot be 
stored by a channel unless'- one of 
these three channel-status bits is 
set to one. 


1-3 Identity of the storage-control 
unit (SCU) identifies the SCU 
through which storage references 
were directed when an error was 
detected. This identity is not 
necessarily the identity of the 
storage unit involved with the 
transfer. When only one physical 
path exists between channel and 
storage, the storage-control unit 
has the identity of the CPU. If 


path exists, the 
Unit has its own 


more than one 
storage-control 
identity. 


When bit 3 is zero, bits 1 and 2 
are undefined. In this case, the 
SCU identity is implied to be the 
same as the CPU identity. When bit 
3 1s one, the’ binary value of bits 
1 and 2 identifies a physical SCU. 
Each SCU in the system hasS a unique 


identity. 

4— 7 Detect field identifies the type of 
unit that detected the error. At 
least one bit is present in this 


field, and multiple bits may be set 
when more than one unit detects the 


error. 

Bit 4& -- CPU 

Bit 5 -- Channel 

Bit 6 -- Main-storage control 
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13-14 


15-23 


24-25 


Bit 7 -- Main storage 


Source field indicates the most 
likely source of the error. The 
determination is made by the 
channel on the basis of the type of 
error check, the location of the 
checking station, the information 
flow path, and the success or 
failure of transmission through 
previous check stations. 


Normally, only one bit will be 
present in this field. However, 
when interunit communication cannot 
be resolved to a single unit, such 
as when the interface between units 


is at fault, multiple bits 
(normally two) may be set to ones 
in this field. When a reasonable 
determination cannot be made, all 
bits in this field are set to 
zeros. 

If the detect and source fields 
indicate different units, the 


interface between them can also he 


considered suspect. 


Bit 8 -- CPU 

Bit 9 -- Channel 

Bit 10 -- Main-storage control 

Bit 11 -- Main storage 

Bit 12 -- Control unit 

Reserved. Stored zero. 
Field-Validity flaqs. These bits 
indicate the validity of the 
information stored in the 
designated fields. When the 


validity bit is set to one, the 


field is stored and usable. When 

the validity bit is set to zero, 

the field is not usable. 

The fields designated are: 

Bit 15 -- Full channel logout. 
This bit is set to one, 
by some models that 
implement the clear- 
channel feature, when 


full-channel-loqgqout in- 
formation with correct 
contents is stored by the 
channel. Otherwise, the 
bit is stored as zero. 


Bit 16 -- Reserved. Stored zero. 

Bit 17 -- Reserved. Stored zero. 

Bit 18 -- Reserved. Stored zero. 

Bit 19 -- Sequence code 

Bit 20 -- Unit status 

Bit 21 -- CCW address and sub- 
channel key in CSW 

Bit 22 -- Channel address 

Bit 23 -- Device address 

Type of termination that has 


occurred is indicated by these two 
bits. 


This encoded field has meaning only 
when a channel-control check or an 
interface-control check is 
indicated in the CSW. When neither 
of these two checks is indicated, 
no termination has been forced by 
the channel. 


00 Interface disconnect 

01 Stop, stack, or 
termination 

10 Selective reset 


normal 


11 System reset 


26 


27 


28 


29-31 


Reserved. Stored zero. 


Interface Inoperative. When the 
clear-channel feature is installed, 
this bit is set to one when the 
channel detects an I/0O-interface 
malfunction which persists after 
selective reset is signaled on the 
interface. Interface-control check 
is also set when this condition is 
detected. When the clear-channel 
feature is not installed, bit 27 is 
stored as zero. 


Programming Note: This bit implies 
that devices involved in active I/0 
operations related to the 
identified channel may have been 
left in the working state. CLEAR 
CHANNEL addressed to that channel 
can be used to relieve the 
condition. 


I/7O-error alert. This bit, when 
set to one, indicates that the 
limited channel logout resulted 
from the Signaling of I/0O-error 
alert by the indicated unit. The 
I/O-error-alert signal indicates 
that the control unit has detected 
a malfunction which prevents it 
from communicating properly with 
the channel. The channel, in 
response, performs a malfunction 
reset and causes interface-control 
check to be set. 


Sequence code identifies the I/0 
sequence in progress at the time of 
error. It is meaningless if stored 
during the execution of HALT I/C or 
HALT DEVICE. 


For all cases, the CCW address in 
the CSW, if validly stored and 
nonzero, is the address of the 
current CCW plus 8. 

The sequence code assignments are: 


000 A channel-detected error 


001 


010 


011 


100 


Chapter 12. 


occurred during the execution 
of a TEST I/O or CLEAR I/0 
instruction. 


Command-out With a nonzero 
command byte on bus-out has 
been sent by the channel, but 
device status has not yet been 
analyzed by the channel. This 
code is set with a command-out 
response to address-in during 
initial selection. 


The command has been accepted 
by the device, but no data has 
been transferred. This code is 
set by a service-out Or 


command-out response to 
status-in during an initial 
selection sequence, if the 
status is either channel end 
alone, or channel end and 
device end, or channel end, 
device end, and status 


modifier, or all zeros. 


At least one byte of data has 
been transferred between the 
channel and the device. This 
code is set with a service-out 
response to service-in and, 
when appropriate, may be used 
when the channel is in an idle 
or polling state. 


The command in the current CCW 
has either not yet been sent to 
the device or else was sent but 
not accepted by the device. 
This code is set when one of 
the following Situations 
occurs: 


1. When the CCW address is 
updated during command 
chaining or a START I/O. 


2. When service-out or 
command-out is raised in 
response to status-in 


during an initial selection 
sequence with the status on 
bus-in including attention, 
control-unit end, unit 
check, unit exception, 
busy, status modifier 
(without channel end and 
device end), or device end 
(without channel end). 


3. When a short, control-unit- 
busy sequence is signaled. 


4. When command retry is 
Signaled. 


5. When the channel issues a 


test-I/0 command rather 
than the command in the 
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current CCW. 


101 The command has been accepted, 


but data transfer is 
unpredictable. This code 
applies from the time a device 
comes on the interface until 
the time it is determined that 
a new sequence code applies. 
The code may thus'7 be used when 
a channel goes into the polling 
or idle state and it is 
impossible to determine that 
code 010 or 011 applies. The 
code may also be used at other 
times when a channel cannot 
distinguish between code 010 or 
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011. 


110 Reserved. 


ee 


Reserved (Location 185): Zero is stored at 


location 185 whenever an I/O address is 
stored at locations 186-187. 


I/O Address (Locations 186-187): A  two- 
byte field is provided for storing the I/0 
address on each I/O interruption in the EC 
mode. 
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The operator facilities provide functions 
for the manual operation and control of the 
machine. The functions include operator- 
to-machine communication, indication of 
Machine status, control over the setting of 
the TOD clock, initial program loading, 
resets, and other Manual controls for 
operator intervention in normal machine 
operation. 


A model may provide additional operator 
facilities which are not described in this 
chapter. Examples are the means to 
indicate specific error conditions in the 
equipment, to change equipment configura- 
tions, and to facilitate Maintenance. 
Furthermore, controls covered in this 
chapter may have additional settings which 
are not described here. Such additional 
facilities and settings are contained in 
the appropriate System Library (SL) 
publication. 


Most models provide, in association with 
the operator facilities, a console device 
which may be used aS an I/O device for 
operator communication with the program; 
this console device may also be used _ to 
implement some or all of the facilities 
described in this chapter. 


The operator facilities may be implemented 
on different models in various technologies 
and configurations. On some models, more 
than one set of physical representations of 
some keys, controls, and indicators may be 
provided, such as on multiple local or 
remote operating stations, which may be 
effective concurrently. 


A machine malfunction that prevents a 
Manual operation from being perf ormed 
correctly, as defined for that operation, 
May cause the CPU to enter’ the check-stop 
state or give some other indication to the 
operator that the operation has’ failed. 
Alternatively, a machine malfunction may 
cause a mMachine-check-interruption 
condition to be recognized. 
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ADDRESS-COMPARE CONTROLS 


The address-compare controls 
to stop the CPU when a preset address 
matches the address used ina specified 
type of main-storage reference. 


provide a way 


One of the address-compare controls is used 
to set up the address to be compared with 
the storage address. 


Another control provides at least two 
settings to specify the action, if any, to 
be taken when the address match occurs. 
The two settings are normal and stop. When 
this control is set to stop, the test 
indicator is turned on. 

1. The normal setting disables the 

address-compare operation. 
2. The stop setting causes the CPU to 


on an address 
Depending on the model and the 
type of reference, pending I/o, 
external, and machine-check 
interruptions may or may not be taken 
before entering the stoprfed state. 


enter the stopped state 
match. 


A third control may specify the type of 


storage reference for which the address 
comparison is to be made. A model may 
provide one or more of the following 
settings, as well as others: 

1. The any setting causes the address 


comparison to be all 


storage references. 


performed on 


2. The data-store setting causes address 
comparison to be per formed when 
storage is addressed to store data. 


3. The I/0 setting causes address 
comparison to be per formed when 
storage is addressed by a channel to 
transfer data or to fetch a 
channel-command Or indirect-data- 
address word. Wrether references to 
the channel-address word or the 
channel-status word cause a match to 


be indicated depends on the model. 


WY. The inStruction-address setting causes 
address comparison to be performed 
when storage is addressed to fetch an 
instruction. The rightmost bit of the 
address setting may or may not be 
ignored. The match is indicated only 
when the first byte of the instruction 
is fetched from the selected location. 
It depends on the model whether a 
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match is indicated when fetching the 
target instruction of EXECUTE. 


Depending on the model and the type of 
reference, address comparison may be 
performed on virtual, real, or absolute 
addresses, and it may be possible _ to 


specify the type of address. 


In a multiprocessing configuration, it 
depends on the model whether the address 
setting applies to one or all CPUS in the 


configuration and whether an address match 
causes one or all CPUs in the configuration 
to stop. 


ALTER-AND-DISPLAY CONTROLS 


The operator facilities provide controls 
and procedures to permit the operator to 
alter and display the contents of locations 
in storage, the storage keys, the general, 


floating-point, and control registers, the 
prefix, and the PSW. 
Before alter-and-display operations may be 


performed, the CPU must first be placed in 


the stopped state. During alter-and- 
display operations, the manual indicator 
may be turned off temporarily, and _ the 


Start and restart keys may be inoperative. 


Addresses used to select storage locations 
for alter-and-display operations are _ real 
addresses. The capability of specifying 
logical, virtual, or absolute addresses may 
also be provided. 


CHECK CONTROL 


The check control has at least two 
settings, stop and normal. If the control 
is set to stop, the CPU enters the 


check-stop state when either: 
Ts A machine-check condition is detected 
and not corrected 


which would 
stored in a 
real locations 


2. A channel check occurs 
cause information to be 
channel-logout area at 
176-179 or 256-351 


The following actions associated with 
entering the check-stop state are model- 
dependent: storing of information in 


indicating the 
the manner of 


assigned storage locations, 
cause of the stop, and 
resuming CPU operations. 


If the check control is set to normal, the 
action resulting from the detection of a 
machine check or channel check is the same 


as described in Chapter 11, "Machine-Check 
Handling," or in Chapter 12, "Input/Output 
Operations," respectively. 


The test indicator is on while the check 


control is set to stop. 


Programming Note 


Except that 
or ae channel 


recovery from a machine check 
check with logout is not 
possible, the check control permits a 
Systen/360 program, which uses assigned 
storage locations above 128 as ordinary 
storage, to be run in the _ BC mode. The 
check control also permits running a 
System/370 program which, while handling a 
machine check or channel check, expects 
model-dependent information that is not 
consistent with the information supplied by 
the particular model on which the progran 
is to be run. 


CHECK-STOP INDICATOR 


The check-stop indicator is on when the CPU 
is in the check-stop state. Reset 
operations normally cause the CPU to leave 
the check-stop state and thus turn off the 


indicator. The manual indicator may also 
be on in the check-stop state. 

IML CONTROLS 

The IML controls provided in some mnodels 


perform initial microprogram loading (IML). 
The IML controls are effective while the 
power iS on. 
Note: The name IMPL controls was used in 
earlier descriptions. 


INTERRUPT KEY 


When the interrupt key is activated, an 
external-interruption condition indicating 
the interrupt key is generated. (See the 
Section "Interrupt Key" in Chapter 6, 
"Tnterruptions.") 


The interrupt key is effective when the CPU 
is in the operating or stopped state. It 
depends on the model whether the interrupt 
key is effective when the CPU is in the 
load state. 


INTERVAL-TIMER CONTROL 


The interval-timer control disables or 
enables operation of the interval timer. 
Disabling the interval timer does not 
affect any other facility. 


When the control is set to disable the 
interval timer, updating of assigned 
storage locations 80-83 ceases. The 
contents of locations 80-83 remain at the 
last value to which they were updated, 
unless changed by a subsequent store 
operation. Depending on the model, any 
pending interval-timer-interruption condi- 
tion is unaffected, is cleared, or is kept 
pending without regard to the state of the 
external mask, PSW bit 7, and the interval- 
timer mask, bit 24 of control register 0. 


When the control is set to enable _ the 
interval timer, updating of locations 80-83 
is resumed uSing the current contents. If 
an interval-timer-interruption request 
existed and was kept pending when the 
interval-timer control was last set to 
disable, that condition remains pending 
until the CPU is enabled for the 
interruption. 


The setting to enable the interval timer is 
considered the normal setting. The test 
indicator may or may not’ be turned on when 


the interval-timer control is set to 
disable. 

Programming Note 

Disabling the interval timer allows 


execution of a program which uses locations 
80-83 as ordinary storage. A program which 
does not use the interval timer will 
function correctly with the interval timer 


disabled, even when the interval timer 
fails. 

LOAD INDICATOR 

The load indicator is on during initial 


program loading, indicating that the CPU is 
in the load state. The indicator goes on 
when the load-clear or load-normal key is 
activated and the corresponding operation 
is started. It goes off after the new PSW 
is loaded successfully. 
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LOAD-CLEAR KEY 


Activating the load-clear key causes a 
clear~reset operation to be performed and 
initial program loading to be started using 


the I/0 device specified by the 
load-unit-address controls. In a 
multiprocessing configuration, a clear 
reset is propagated to all CPUs in the 
configuration. For details, see the 
sections ‘"“Resets" and "Initial Program 


Loading" in Chapter 4, "Control." 


effective when the 
load, or 


The load-clear key is 
CPU is in the operating, stopped, 
check-stop state. 


LOAD-NORMAL KEY 


Activating the load-normal key causes an 
initial-~CPU-reset and a subsystem-reset 
operation to. be performed and initial 
program loading to be started using the I/0 
device specified by the load-unit-address 
controls. In a multiprocessing 
configuration, a CPU reset is propagated to 
all CPUs in the configuration. For 
details, see the sections "Resets" and 
"Initial Program Loading" in Chapter 4, 
"Control." 


when the 
load, or 


The load-normal key is effective 
CPU is in the operating, stopped, 
check-stop state. 


LOAD-UNIT-ADDRESS CONTROLS 


The load-unit-address controls select three 
hexadecimal digits, which provide the 12 
rightmost I/0 address bits used for initial 
program loading. 


MANUAL INDICATOR 


The manual indicator is on when the CPU is 
in the stopped state. Some functions and 
several manual controls are effective only 
when the CPU is in the stopped state. 


POWER CONTROLS 


The power controlS are used to turn the 


power on and off. 


The CPUs, storage, channels, operator 
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facilities, and I/0 devices 
their power turned on and off by common 
controls, or they may have separate power 
controls. When a particular unit has its 
power turned on, that unit is reset. The 
sequence is performed so that no 
instructions or I/0 operations are 
performed until explicitly specified. The 
controls may also permit power to be turned 


may all have 


on in stages, but the machine does not 
become operational until power-on is 
complete. 


When the power is completely turned on, an 
IML operation is performed on models which 
have an IML function. A power-on reset is 
then initiated (see the section "Resets" in 
Chapter 4, "Control"). 


RATE CONTROL 


The setting of the rate control determines 
the effect of the start function and the 
Manner in which instructions are executed. 


The rate control has at least two settings. 
The normal setting is process. When the 
rate control is set to process and the 
start function is performed, the CPU starts 


operating at normal speed. When the rate 
control is set to instruction step, one 
instruction Or, for interruptible 


instructions, one unit of operation is 
executed each time the start function is 
performed. For details, see the section 
"Stopped, Operating, Load, and Check-Stop 
States" in Chapter 4, "Control." 

The test indicator is on while the’ rate 
control is not set to process. 


control is 
the operating 
results are 


If the setting of the rate 
changed while the CPU is in 
or load state, the 


unpredictable. 


RESTART KEY 


Activating the 
restart interruption. 
"Restart Interruption" in 
"Tnterruptions.") 


restart key initiates a 
(See the section 
Chapter 6, 


The restart key is effective when the CPU 
is in the operating or stopped state. The 
key is not effective when the CPU is in the 
check-stop state. It depeads on the model 
whether the restart key is effective when 
the CPU is in the load state. 


START KEY 


Activating the start key causes the CPU to 


perform the start function. (See the 
section "Stopped, Operating, Load, and 
Check-Stop States" in Chapter 4, 
"Control.") 

The start key is effective only when the 
CPU is in the stopped state. The effect is 
unpredictable when the stopped state has 


been entered by a reset. 


STOP KEY 

Activating the stop key causes the CPD to 
perform the stop function. (See the 
section "Stopped, Operating, Load, and 
Check-Stop States" in Chapter 4, 


"Control.") 


The stop key is effective only when the CPD 
is in the operating state. 


Activating the stop key has no effect when: 


e An unending string of certain program 
or external interruptions occurs. 

e The prefix register contains an 

invalid address. 


e The CPU 
state. 


is in the load or check-stop 


STORE-STATUS KEY 


Activating the store-status key initiates a 
store-status operation. (See the section 
"Store Status" in Chapter 4, "Control.") 


The store-status key is effective only when 
the CPU is in the stopped state. 


The store-status operation may be used in 
conjunction with a standalone dump progran 
for the analysis of major program 
malfunctions. For such an operation, the 


following sequence would be called for: 


1. Activation of the stop or 
system-reset-normal key 


2. Activation of the store-status key 


3. Activation of the load-normal key to 
enter a standalone dump progran 


The system-reset-normal key must be 
activated in step 1 when the stop key is 
not effective because a continuous string 
of interruptions occurs, the prefix 
register contains an invalid address, or 
the CPU is in the check-stop state. 


SYSTEM-~RESET-CLEAR KEY 


system-reset-clear key 
operation to be 
multi processing 
reset is propagated 
configuration. For 
section "Resets" in 


Activating the 
causes a clear-reset 
performed. In a 
configuration, a clear 
to all CPUs in the 
details, see the 

Chapter 4, "Control." 


The system-reset-clear key is effective 


when the CPU is in the operating, stopped, 
load, or check-stop state. 


SYSTEM-RESET-NORMAL KEY 


When the store-status facility is not 
installed, activating the system~-reset- 
normal key causes an initial-CPU-reset 


operation and a subsystem-reset operation 
to be performed. When the store-status 
facility is installed, activating the 
system-reset-normal key causes a CPU-reset 
operation and a subsystem-reset operation 
to be performed. In a multiprocessing 
configuration, a CPU reset is propagated to 
all CPUS in the configuration. For 
details, see the section "Resets" in 
Chapter 4, "Control." 


The system-reset-normal key is effective 
when the CPU is in the operating, stopped, 
load, or check-stop state. 


TEST INDICATOR 


The test indicator is on when a manual 
control for operation or maintenance is in 
an abnormal position that can affect the 
normal operation of a progran. 


Setting the address-compare controls or the 
check control to stop or setting the rate 
control to instruction step turns on the 
test indicator. Setting the interval-tiner 
control to disable may or may not’ turn on 
the test indicator. 
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The test indicator may be on when one or 
more diagnostic functions under the control 


of DIAGNOSE are activated, or when other 
abnormal conditions occur. 

Operation Note 

If a manual control is left in a setting 


intended for maintenance purposes, such an 
abnormal setting may, among other things, 
result in false machine-check indications 
or cause actual machine malfunctions to be 
ignored. It may also alter other aspects 
of machine operation, including instruction 
execution, channel operation, and the 
functioning of operator controls and 
indicators, to the extent that operation of 
the machine does not comply with that 
described in this publication. 


setting of a manual control 
test indicator of the affected 


The abnormal 
causes the 


CPU to be turned on; however, in a 
multiprocessing configuration, the 
operation of other CPUS may be affected 


even though their test indicators are not 


turned on. 


TOD-CLOCK CONTROL 


When the TOD-clock control is not 
activated, that is, the control is set to 
secure, the value of the TOD clock is 
protected aqainst unauthorized or 
inadvertent change by not permitting the 
instruction SET CLOCK to change the value. 


When the TOD-clock control is activated, 
that is, the control is set to enable set, 
alteration of the clock value by means of 
SET CLOCK is permitted. This setting is 
temporary, andthe control automatically 
returns to secure. 
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In a 
activating 


multiprocessing configuration, 

the TOD-clock control enables 
all TOD clocks in the configuration to he 
set. If there is more than one physical 
representation of the TOD-clock control, no 


TOD clock is secure unless all TOD-clock 
controls in the configuration are set to 
secure. 


WAIT INDICATOR 


The Wait indicator is on when the 
wait-state bit in the current PSW is one. 
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configuration, one of 
keys and controls is 
alter and display, 
start, stop, and 
load-clear key, 
load-unit-address 
each CPU capable 


In a multiprocessing 
each of the following 
provided for each CPU: 
interrupt, rate, restart, 
store status. The 
load-normal key, and 
controls are provided for 
of performing I/o Operations. 
Alternatively, a single set of keys and 
controls may be used together with a 
control to select the desired CPU. 


There need not be more than one of each of 
the following keys and controls in a 
multiprocessing configuration: address 
compare, check, IML, interval timer, power, 
system reset clear, system reset normal, 
and TOD clock. 


One check-stop, manual, test, and wait 
indicator is provided for each CPU. A load 
indicator is provided only on a CPU capable 
of performing I/O operations. 
Alternatively, a single set of indicators 
may be switched to more than one CPU. 


There need not be more 
indicator in a 
configuration. 


than one system 
multiprocessing 


In a system capable of being partitioned, 
there must be a separate set of keys, 
controls, and indicators in each 
configuration. 
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MOVE. “(CMVC), aisicete Se cies. eed wieis ee eee Sewanee w ode Se Se es eree seein ec A=19 
MOVe:: “CNV T) cei s:5:csie6 6 Sexe silo ey oi 's.b er hccde hare cue a wi-erie Aree.) WSS Sieve ee eee eo A 20 
ROVE: LONG: SCBV CL). 16 a:e.a5wiw wee ow stae oe were ae esol ear eles ew eer @ ole we 6 ae'e-e A= 20 
MOVE NU BERITCS CAV N)): -eswcet aver eoe wsecee @:e eel 6 ei aie ee. a oe ote eee Oeeen ee eee e| 
MOVE WITH OFFSET (MVO) ccc ccc cc ccc cc ccc ccc cc ccc cc cc ccc cece eee A271 
BOVE.; ZONES »CMV2)) 6 wieeS wee: 006 aw oi aie WG eee ae eA Woe SORES ee Sw eeeeea nh Ze 
BUGTEP DY Chg TE) cece 6 ore wie. aiewete oso ah wie 66 ONS ewe Stee eee eee eee eee ano eZ 
MULTIPLY HALFWCRD (MH) ccc cccccccccccccnccccccc cc ccccccsceesseA-23 
OR (0, ORY O15 1CC)~ ccweres eo utae waisiert dS eee ewineraals Goes oe beeen ceca eke 23 
OE (COD): 6 wie ooo 6 Se rae: oo eae arene: See wile cee Ge wow We etarw ene ears we leaeae eee Ree 
PACK SC PACK). ccc sd5cu atows.cewsels os ou deas send doseecwbies oeeeeecwhoo3 
SHIFI- LEFT COUBLE (SUDA). 6.6.0.0 Scie cee Oe Sew Oise a cece oe0e ewe aes A— 24 
SHIFT: LEFT SINGLE. (SLA): csd.cc sae eu aide dees s 660 css weeks se sens cake Oe 
STORE CHARACTERS UNDER MASK (STCM) cwccccccvcvccccccsnccncsceeseeA 2) 
STORE MULTIPLE: (STM) sic seueieiessetec dec ate ste ne waee ace woes eww ew eeree hSl5 
TESC, UNDER -MAS'R CUM). :e-wecedd eee ewe a ee OW oes 01-6 Se Sie wwe ace eee ete AZ 
TRANS ERATE “CTR): 64:5 re-as wide 6 dw cieiad See baa. eieee teas, 6 eae eee eee hele 
TRANSLATE AND TEST (CURL): :c cise se we w 66:6-5.0 6a Seles © Se 6 6 Secular ee see g A= 26 
UNPACK. QUNDR): <oc-cccacceis-cem cee 3 bat Sacer eie Ge how eee ease ee hens 
DEciWal INStrUuctiONns ~ 6 css 6 ewiwwoe wee ee. 6 Ses eee eis was bis ose cee kee e we R29 
ADD DECTMAL. (AP): te cis: 6 ave6 Wo 66a ie eee oe ee wie ere ee @ 6d lee e wlele dw eo eiwew eee Roe? 
COMPARE. DECIMAL (CP) a's eee. s Sole c ee eee Soe Swe See Ss eee eB eee eS ene? 
DIVIDE. DEC TMAL..“CDP):, :2s cuwdaeeude sete mesures eee onsen Swesecuseensee AE29 


EDIT (ED) er Glebe w 6: @ ei eile Bie ees aera ale: ee Sa Se ew ie ee eee Ok ee wee ewe eee Rens 


EDIT AND MARK (EDMRK) a eae aaa oer ee ae Glee Bie aletee @i-G-ece oe ate ete ew ee ea eres cene sa 
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MULTIEPLY DECIMAL (62): cies cis ait bcc. ere o/s eS wee ele w be oo «8 we ee dere ee eh 32 
SHIFT: AND ROUND DECIMAL (SRP) s:esiew-666 06.60 66006 wee eeb see ed ee es Am 32 
DECINGL. LELU SULEU. iw cde siwies ese w se Wew ea eS Gleaeew oo Hteieee en ekoas Ae a2 
Deciwal :Right SHLEC: wcsseis b4 0 bbw ee ees ee ee wae eee ow eeee woke 3g 
Decimal Right Shift and Round 2. ccc cancccrccccarccceanceccceeA—-33 
Multiplying by a Variable Power of 10 w..csnccccccccccececeseA-33 
ZERO AND: APE: (28D); Se cececew es be die dicacieeceasucnwecuaweesaces k= oe 
Flodting—PoOint INStruct LORS \s.Asw6 oc sab 6 e-cieersin web ees a et eeree ee tees hm Od 
ADD NORMALIZED (AD, ADR, AE, AER, AXR) cccccsccccccccccccceree e- A—34 
ADD UNNORMAIIZED (AU, AUR, AW, AWR) cncccccccrccccccccccccccece e A395 
COMNPERE (CL, CUR,. CE,: CER) -.oc.0.50-020eccssuwseceee cd deses0eeeces so 3S 
Floating-Point-Number ConverSion ceccccccccceccccccccccccccsc ee A—35 
Fixed “POINnt tO PlOAting: PON: 6 s.es6 se ose bee SS Ses 0s Soe-ee es A= 3D 
Floating Point: to Fixed PON: as ccc wsede dea Se wee es Gesuns usc A= 36 
Multiprogramming and Multiprocessing ExampleS ....ccecscccccsceeeA-3/ 
Example of a Program Failure Using OR Immediate ........2..222-2A~37 
COMPARE. ANE SWAP -(CS,: CDS)’ éccweees sobcice dees cede se hece seen sce ee Ae a7 
Setting a SingGhe Bat: oi. dd wears e o:656.6's.6/d wise: 0H Soe Owe eee Se weeeee R= 37 
Updating: COUNtCES 6 6 isd ec sc be we wae eS ee- oa Shee Sie e eee Saeeue AP 38 
Bypassing POST: AND! WAIT occas ccc és siasic we ewe sianwGeu wee teede wees eek sg 
BYPASS. PCST -ROUCING: 66s dices 646 os SOS 6 Soe RS GiE SS ba eee te Swciecw AT OF 
BYPASS. WAIT ROUU INC. wierecdeo see & 6b wae SOEs USS Oh wee ewe Dh Seeew AR 3D 
DOCK AUNLOCK » io:eco's 6 wie Wiel ere wea e.ae 6:00 oe WSS 6 oes so Ww. Wee wee ee ee wee eho Oo 
LOCK/UNLOCK with LIFO Queuing for ContentionS ....eceee eee eee A-40 
LOCK/UNLOCK with FIFO Queuing for Contentions .ccccccccccceee A-4l 
Free=Pool Manipulation: csc cee ses ows 66S ori Se wd Siecle w were sine eee seen e A? 


BINARY INTEGERS 


Signed Binary Integers 


Signed binary integers are most commonly 
represented as halfwords (16 bits) or words 
(32 bits). In both lengths, the leftmost 
bit (bit 0) is the sign of the number. The 
remaining bits (bits 1-15 for’ halfwords and 
1-31 for words) are used to designate the 
maqnitude of the number. Binary integers 
are also referred to as fixed-point 
numbers, because the radix point is 
considered to be fixed at the right, and 
any scaling is done by the programmer. 


Positive binary integers are in true binary 
notation with a zero’. sign bit. Negative 
binary inteqers are in two's-complement 
notation with a one bit in the sign 
position. In all cases, the bits between 
the sign bit and the leftmost significant 
bit of the integer are the same as the sign 
bit (that is, all zeros for positive 
numbers, all ones for negative numbers). 

integers are formed in 


Negative binary 


A-2 System/370 Principles of Cperation 


two's-complement notation by inverting each 
bit of the positive binary integer and 
adding one. AS an example using the 
halfword format, the binary number with the 
decimal value +26 is made negative (-26) in 
the following manner: 


+26 0 000 0000 0001 1010 
Invert 1 111 1111 1110 0101 
Add 1 1 
- 26 1£$111 1111 1110 0110 (Two's comple- 


ment form) 
(S is the sign bit.) 


This is 
number: 


equivalent to subtracting the 


00000000 00011010 
from 
1 00000000 00000000 
Negative binary integers are changed toa 
positive in the same manner. 


The following addition examples illustrate 
two's-complement arithmetic and overflow 


conditions. Only eight bit positions are 
used. 
1. +57 = 0011 1001 

#35 = 0010 0011 

#92 = 0101 1100 


231 
216 
20 


-20 
-21 
~216 
-231 
-231 


-35 1101 1101 
#22 = 0001 0110 
+35 = 0010 0011 
-57 = 1100 0111 
-22 = 1110 1010 
-57 = 1100 0111 
-35 = 1101 1101 
-92 = 1010 0100 
+57 = 0011 1001 
+92 = 0101 1100 


a wer ean 2 wee eS eee = — 


we 2 @e Bee w= Cw eee |] — 


2 147 483 
65 


-65 
-2 147 483 
-2 147 483 


+ 1 


No overflow--carry 
into leftmost posi- 
tion and carry out. 


Sign change only--no 
carry into leftmost 
position and no 
carry out. 


No overflow--carry 
into leftmost posi- 
tion and carry out. 


*Overflow--carry 
into leftmost posi- 
tion, no carry out. 


*Overflow--no carry 
into leftmost posi- 
tion but carry out. 


647 = 0 111 1111 1111 
536 = 0 000 0000 0000 

1 = 0 000 0000 0000 

0 = 0 000 0000 0000 
—1 = 1111 °1111 1111 
-2 = 1111 1111 1111 
536 = 1111 1111 1111 
647 = 1 000 0000 0000 
648 = 1 000 0000 0000 


The presence or absence of an overflow 
condition may be recognized from the 
carries: 


e There is no overflow: 


ae If there is no carry into the 
leftmost bit position and no carry 
out (examples 1 and 3). 


b. If there is a carry into the 
leftmost position and also a carry 
out (examples 2 and 4). 


e There is an overflow: 


ae If there is a carry into the 
leftmost position but no carry out 
(example 5). 


b. If there is no carry into the 
leftmost position but there isa 
Carry out (example 6). 


The following are 16-bit signed binary 
integers. The first is the ha xinum 
positive 16-bit binary integer. The last 
is the maximun negative 16-bit binary 
integer (the negative 16-bit binary integer 
with the greatest absolute value). 


218 - 1 = 32,767 = O 111.1111 1111 1111 
20 7 1 = 0 000 0000 0000 0001 
0 = 0 = 0 000 0000 0000 0000 
—20 = —1) = 1°199 1114 1111 1111 
-215 = -32,768 = 1 000 0000 0000 0000 


The following are several 32-bit signed 
binary integers arranged in descending 
order. The first is the maximum positive 
binary integer that can be represented by 
32 bits, and the last is the maximun 
negative binary integer that can be 
represented by 32 bits. 


1117 7777 71117 91117 1111 
0001 0000 0000 0000 0000 
0000 0000 0000 0000 0001 
0000 0000 0000 0000 0000 
11471 171711 7111 1111 1111 
1111 1117 171117 1111 1110 
1111 0000 0000 0000 0000 
0000 0000 0000 0000 0001 
0000 0000 0000 0000 0000 
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Certain instructions, such as ADD LOGICAL, 
treat binary integers as unsigned rather 
than signed. Unsigned binary integers have 
the same format as signed bhinary integers, 
except that the leftmost bit is interpreted 
as another numeric bit rather than a sign 
bit. There is no complement notation 
because all unsigned binary integers are 
considered positive. 


The following examples illustrate the 
addition of unsigned binary integers. Only 
eight bit positions are used. The examples 
are numbered the Same as the corresponding 
examples for signed binary integers. 


1. 57 = 0011 1001 
35 = 0010 0011 

92 = 0101 1100 

22 57 = 0011 1001 
221 = 1101 1101 


278 = *0001 0110 *Carry out of 
leftmost position 


3. 35 = 0010 0011 

199 = 1100 0111 

234 = 1110 1010 
232 - 1 = 4 294 967 295 = 1111 1111 1111 
231 = 2 147 483 648 = 1000 0000 0000 
231 - 1 = 2 147 483 647 = 0111 1111 1111 
216 = 65 536 = 0000 0000 0000 
20 = 1 = 0000 0000 0000 
0 = 0 = 0000 0000 0000 
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1111 
0000 
1111 
0001 
0000 
0000 


0111 
1101 


A carr 


y oO 


ut of 


The following 


binary 
order. 


1111 
0000 
1111 
0000 
0000 
0000 


1111 
0000 
1111 
0000 
0000 
0000 


1111 
0000 
1111 
0000 
0000 
0000 


1011 


*Carry out of 
leftmost position 


*Carry out of 
leftmost position 


the leftmost bit position 
may or may not imply an overflow, depending 
on the application. 


are several 32-bit unsigned 
integers 


arranged in descending 


1111 
0000 
1111 
0000 
0001 
0000 


J 


DECIMAL INTEGERS 


Decimal integers are represented as one or 
more decimal digits and a sign digit. Each 
digit is a 44-bit code. The decimal digits 
are in binary-coded decimal (BCD) forn, 
with the values 0-9 encoded as 0000-1001. 
The sign is usually represented as 1100 (C 
hex) for plus and 1101 (D hex) for minus. 
These are the preferred sign codes, which 
are generated by the machine for the 
results of decimal operations. There are 
also several alternate sign codes (1010, 
1110, and 1111 for plus; 1011 =for minus). 
The alternate sign codes are accepted by 
the machine as valid but are not generated 
for results. 


Decinal integers may have different 
lengths, from one to 16 bytes. There are 
two decimal formats: packed and zoned. In 
the packed format, each byte contains two 
decimal digits, except for the rightmost 
byte which contains the sign in its right 
digit. The number of decimal digits in the 
packed format can vary from one to 31. 
Because decimal integers must consist of 
whole bytes and there must be a sign digit 
on the right, the number of decimal digits 
is always odd. If an even number of 
Significant digits is desired, a leading 
zero must be inserted on the left. 


In the zoned format, each byte consists of 
a decimal digit on the right and the Zone 
code 1111 (F hex) on the left, except for 
the rightmost byte where the sign code 
replaces the zone _ code. Thus, decimal 
integers in the zoned format can have 
anywhere from one to 16 digits. The zoned 
format may be used directly for input and 
output in the extended binary-coded-decinal 
interchange code (EBCDIC), except that the 
Sign must be separated from the rightmost 
digit and handled as a separate character. 
For poSitive (unsigned) numbers, however, 
the sign code of the rightmost digit can 
Simply be replaced by the zone code, which 
is one of the acceptakle alternate codes 
for plus. 


In either format, negative decimal integers 
are represented in true notation with a 
separate sign. As for binary integers, the 
radix point (decimal point) of decimal 
integers is considered to be fixed at the 
right, and any scaling is done by the 
programmer. 


The following are some examples of decimal 
integers shown in hexadecimal notation: 


Value Packed Format Zoned Format 

+123 12 3C Fi F2 C3 or F1 F2 F3 

- 4321 04 32 1D F4 F3 F2 D1 

#000050 00 00 05 OC FO FO FO FO F5 CO or 
FO FO FO FO F5 FO 

-7 7D D7 

00000 00 00 OC FO FO FO FO CO or 

FO FO FO FO FO 

Under some circumstances, a zero with a 


minus sign (negative zero) is produced. 


For example, the multiplicand: 


00 12 3D (-123) 


times the multiplier: 
0c (+0) 

generates the product: 
00 00 OD (- 0) 


because the product sign follows the 
algebraic rule of Signs even when the value 
is zero. A negative zero, however, is 
entirely equivalent toa positive zero; 
they compare equal in a decimal comparison. 


FLOATING-POINT NUMBERS 


A floating-point number is expressed asa 
fraction multiplied by a separate power of 
16. The term floating point indicates that 
the radix-point placement, or scaling, is 
automatically maintained by the machine. 


number which 
digits of the 
fraction. A second 


The part of a floating-point 
represents the significant 
number is called the 
part specifies the power (exponent) to 
which 16 is raised and indicates’ the 
location of the radix point of the number. 
The fraction and exponent ma y be 
represented by 32 bits (short format), 64 
bits (long format), or 128 bits (extended 
format). 


Short Floating—Point Number 


[S| Characteristic|6—Digit Fraction | 
_—__—_______—-_____-___._________—. f a | 
0 1 8 31 
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Long Floating—Point Number In decimal terms: 


eee or Sf 16-*S is approximately equal to 5.4 x 
1S|Characteristic|14—Digit Fraction | 10-79 
(ce Sa er ee See eerie ene mera ran erro 
0 1 8 63 1663 is approximately equal to 7.2 x 
10758 
Extended Floating—Point Number More precisely, 
High—Order Part In the short format: 
OO TO / Sa ee a pe ee 
|! |} High-—Order | Leftmost 14 Digits | 16-*5 < M < (1 —- 167-*) x 16¢3 
|[S|Characteristic| of 28—Digit Fraction | 
ee Oe In the long format: 
0 1 8 63 
16-65 < mM < (1 —- 1671%) x 16¢3 
Low—Order Part In the extended format: 
TOO / ames | 
i {| Low-—Order { Rightmost 14 Digits ( 16-5 < M < (1 - 16728) x 1663 


|S|Characteristic|{ of 28—Digit Fraction | 





bl a ef ——__—_—_——1 Within a given fraction length (6, 14, or 
64 72 127 28 digits), a floating-point operation will 
provide the greatest precision if the 
A floating-point number has two signs: one fraction is normalized. A fraction is 
for the fraction and one for the exponent. normalized when the leftmost digit (bit 
The fraction sign, which is also the sign positions 8, 9, 10, and 11) is nonzero. It 
of the entire number, is the leftmost bit is unnormalized if the leftmost digit 
of each format (0 for plus, 1 for minus). contains all zeros. 
The numeric part of the fraction is in true 
notation regardless of the sign. The If normalization of the operand is desired, 
numeric part is contained in bits 8-31 for the floating-point instructions that 
the short format, in bits 8-63 for the long provide automatic normalization are used. 
format, and in bits 8-63 followed by bits This automatic normalization is 2 
72-127 for the extended format. accomplished by left-shifting the fraction 
(four bits per shift) until a nonzero digit 
The exponent Sign is oktained by expressing occupies the leftmost digit position. The 
the exponent in excess-64 notation; that characteristic is reduced by one for each 
is, the exponent is added as ae signed digit shifted. 
number to 64. The resulting number is 
called the characteristic. It is located The following are sample normalized short 
in bits 1-7 for all formats. The floating-point numbers. The last two 
characteristic can vary from 0 to 127, numbers represent the smallest and _ the 
permitting the exponent to vary from -64 largest positive normalized numbers. 


through 0 to +63. This provides a scale 
multiplier in the range of 16-** to 16+63, 
A nonzero fraction, if normalized, must be 
less than one and greater than or equal to 
1/16, so that the range covered by the 
magnitude M of a floating-point number is: 


16-65 <M < 1683 


1.0 = +1/16x161 = 0 100 0001 0001 0000 0000 0000 0000 0000 
0.5 = 4+8/16x160 = 0 100 0000 1000 0000 0000 0000 0000 0000 
1/64 = +4/16x16-3 = 0 011 1111 0100 0000 0000 0000 0000 0000 
0.0 = +0 x16-§* = 0 000 0000 0000 0000 0000 0000 0000 0000 
-15.0 = -15/16x16! = 1 100 0001 1111 0000 0000 0000 0000 0000 
5.4x10-79 © +1/16x16-S* = 0 000 0000 0001 0000 0000 0000 0000 0000 
7.2x1075 “© (1-16-6)x1663 = 0 111 11917 1191 1197 1411 1111 1111 1111 
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C 


CONVERSION EXAMPLE 


Convert the decimal numkter 59.25 to a short 


floating-point number. (In another 
appendix are tables for the conversion of 
hexadecimal and decimal integers and 


fractions.) 


1. The number is separated into a decimal 
integer and a decimal fraction. 
59.25 = 59 olus 0.25 

2. The decimal integer is converted to 
its hexadecimal representation. 
59{10} = 3B{16} 

3. The decimal fraction is converted to 
its hexadecimal representation. 
0.2510} = 0.4{16} 

4. The integral and fractional parts are 
combined and expressed as a fraction 
times a power of 16 (exponent). 
3B.4{16} = 0.3B4{16} x 162 


5. The characteristic 
the exponent and 


is developed from 
converted to binary. 

base + exponent = characteristic 
64 + 2 = 66 = 


1000010 
6. The fraction is converted to binary 
and grouped hexadecimally. 
-3B4{16} = .0011 1011 0100 
7. The characteristic and the fraction 
are stored in the short format. The 


sign position contains the sign of the 
fraction. 


te) 


Char raction 


0 1000010 0011 1011 0100 0000 0000 


0000 


Examples of instruction 
be used to convert between signed binary 
itittegers and floating-point numbers are 
Shown in the section "Floating-Point- Number 
Conversion" later in this appendix. 


seguences that may 


The following examples illustrate the use 


of many of the unprivileged instructions. 
Before studying one of these examples, the 
teader should consult the instruction 
description. 

The instruction-use examples are written 
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Number Representation and Instruction-Use Examples 


principally for assembler-lanquage 
programmers, to be used in conjunction with 
the appropriate assembler-language manuals. 


Most examples present one particular 
instruction, both as it is written in an 
assembler-language statement and as it 


appears when assembled in storage (machine 


format). 

In the instruction-use examples, the 
notation {2}, {10}, or {16} may be used, 
indicating that the preceding number is 
binary, decinal, or hexadecinal, 
respectively. 


Machine Format 


All machine-format numerical operands are 
written in hexadecimal notation unless 
otherwise specified. Hexadecimal operands 
are shown converted into binary, decimal, 
or both if such conversion helps to clarify 
the example for the reader. Storage 
addresses are also given in hexadecimal. 


Assembler-Langquage Format 


In assembler-language statements, registers 
and lengths are presented in decimal. 
Displacements, immediate operands, and 
masks may be shown in decimal, hexadecinal, 
or binary notation; for example, 12, X'C'!, 
or B*f1100° represent the same value. 
Whenever the value in a register or storage 
location is referred to as Mot 
Significant," this value is replaced during 
the execution of the instruction. 


When SS-format instructions are written in 
the assembler language, lengths are given 
as the total number of bytes in the field. 
This differs from the machine definition, 
in which the length field specifies’ the 
number of bytes to be added to the field 
address to obtain the address of the last 
byte of the field. Thus, the machine 
length is one less than the 
assembler-language length. The assembler 
program automatically subtracts one from 
the length specified when the instruction 
is assembled. 


In some of the examples, symbolic addresses 
are used in order to simplify the examples. 
In assembler-language statements, a 
symbolic address is represented as a 
mnemonic term written in all capitals, such 
as FLAGS which may denote the address of a 
storage location containing data or 
program-control information. When symbolic 
addresses are used, the assembler supplies 
actual base and displace ment values 
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according to the 
specifications. 
values for 


programmer's 
Therefore, the actual 
base and displacement are not 


shown in the assembler-language format or 
in the machine-language format. FOr 
assembler-language formats, inthe labels 


that designate instruction fields, the 
letter "ss" is used to indicate the 
combination of base and displacement fields 
for an operand address. (For example, S1 
represents the combination of B1 and D1.) 
In the machine-language format, the base 
and displacement address components are 
Shown as asterisks (***). 


ENERAL INSTRUCTIONS 


a ee Se 





(See Chapter 7.) 


ADD HALFWORD (AH) 


The ADD HALFWORD 
adds the halfword 
location to the 
The halfvword 
to 32 bits 
it is used 


instruction algebraically 

contents of a _ storage 
contents of a register. 

storage operand is expanded 
after it is fetched and before 

in the add operation. The 
expansion consists in propagating the 
leftmost (sign) bit 16 positions to the 
left. For example, assume that the 
contents of storage locations 2000-2001 are 
to be added to register 5. Initially: 


Register 5 contains 00 00 00 19 = 25{10}. 

Storage locations 2000-2001 contain FF FE 
= -2{10}. 

Register 12 contains 00 00 18 OO. 

Register 13 contains 00 00 01 50. 


The format of the required instruction is: 


Machine Format 

Op Code Ry Xs Ba Da 
Ce ee a a ee ee en, el 
| GA i S| Dy Cc ft 6B0| 
ic Ed 
Assembler Format 

Op Code Ry,Da(Xa,Ba) 
AH 5,X'6B0! (13,12) 


After the instruction is executed, register 
5 contains 00 00 00 17 = 23{10}. 
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AND (N, NR, NI, NC) 


When the Boolean operator AND is applied to 
two bits, the result is one when both bits 
are one; otherwise, the result is zero. 
When two bytes are ANDed, each pair of bits 
is handled separately; there is no 
connection from one bit position to 
another. The following is an example of 
ANDing two bytes: 


First-operand byte: 0011 0101{2} 
Second-operand byte: 0101 1100 {2} 


Result byte: 0001 0100 {2} 


nd (NI) 


A frequent use of the AND instruction is to 
set a particular bit to zero. For example, 
assume that storage location 4891 contains 
0100 0011{2}. To set the rightmost bit of 
this byte to zero without affecting the 
other bits, the following instruction can 
be used (assume that register 8 contains 
00 00 48 90): 


Machine Format 


Op Code Ig By Da 


Ce yg ge el 
( 94 | FE | 8 {| OO1f 
A. LS Le 


Assembler Format 


Op Code Dq(B4),I2 


NI 1(8) ,X'FE! 


When this instruction is executed, the byte 
in storage is ANDed with the immediate byte 
(the Iz field of the instructions): 


Location 4891 0100 0011 {2} 
Immediate byte 1111 1110 {2} 


Result: 0100 0010 {2} 


The resulting byte, with bit 7 set to zero, 
is stored back in location 4891. Condition 
code 1is set. 


BRANCH AND LINK (BAL, BALR) 


The BRANCH AND LINK instructions are 
commonly used to branch toa_e subroutine 
with the option of later returning to the 


main instruction sequence. For example, 
assume that you wish to branch to a 
subroutine at storage address 1160. Also 


assume: 

The contents of register 2 are not 
significant. 

Register 5 contains 00 00 11 50. 

Address’ 00 00 cé6 contains the BAL 
instruction, so that 00 00 CA is the 
address of the next sequential 
instruction. 


The format of the BAL instruction is: 


Machine Format 
Op Code Ra Xo Ba Dea 


a aes | 
| 45 1 24 04 +5 | 010 


Assembler Format 


Op Code R4q,Da(Xa,Ba) 


BAL 2,X'10* (0,5) 


After the instruction is executed: 


Register 2 (bits 8-31) contains 00 00 CA. 
PSW bits 40-63 contain 00 11 60. 


The programmer can return to the main 
instruction seguence at any time with a 
BRANCH ON CONDITION (ECR) instruction that 
specifies register 2 and a mask of 15{10}, 
provided that register 2 has not meanwhile 
been disturbed. 


The BALR instruction with the Rg field set 
to zero may be used to load a register for 
use aS a base register. For example, in 
the assembler language, the sequence of 
statements: 


BALR 15,0 
USING ¥*,15 


tells the assembler program that register 
15 is to be used as the kase register in 
assembling this program and that, when the 
program is executed, the address of the 
next sequential instruction following the 
BALR will be placed in the register. (The 
USING statement is an “assembler 
instruction" and is thus not a part of the 
object progran.) 


As another example, BALR 6,0 may be used to 
preserve the current condition code in bits 


2 and 3 of register 6 for future 
inspection. 

Note that, in all three examples, a value 
of zero inthe Xg or Rg field indicates 


that the corresponding function is not 
performed; it does not refer to register 0. 
Register 0 can be designated by the Fy 
field, however. 


BRANCH ON CONDITION (BC, BCR) 


ON CONDITION instructions test 
see whether a branch 


The BRANCH 
the condition code to 


should or should not be taken. The branch 
is taken only if the condition code is as 
specified by a mask. 
Mask Condition 
Value Code 
8 0 
4 1 
2 2 
1 3 
For example, assume that an ADD (A _ or AR) 
operation has been performed and that you 
Wish to branch to address 6050 if the sum 
is zero or less (condition code 0 or 1). 


Also assume: 


Register 10 contains 00 99 50 00. 
Register 11 contains 00 00 10 00. 


The RX form of the instruction performs the 
required test (and branch if necessary) 
when written as: 


Machine Format 


Op Code My Xo Bo Do 
Geen Ne oe ee oe CON 
1 47 {| Ct BY Ad 0501 


a a ee 


Assembler Format 


Op Code 


cee oy 


Ma Da (Xa ,Ba) 


BC 12,X*50*(11, 10) 


A mask of 15 indicates a branch on any 
condition (an unconditional branch). A 
mask of zero indicates that no branch is to 
occur (a no-operation). 


BRANCH ON COUNT (BCT, BCTR) 


The BRANCH ON COUNT instructions are often 
used to execute a program loop for a 
specified number of times. For example, 
assume that the following represents some 
lines of coding in an assembler-language 
program: 
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LUPE AR 8,1 


BACK BCT 6,LUPE 


where register 6 contains 00 00 00 03 and 
the address of LUPE is 6826. Assume that, 
in order to address this location, register 
10 is used as a base register and contains 
00 00 68 O00. 


The format of the BCT instruction is: 


Machine Format 
Op Code Rq Xa Ba Do 


Cr ee ee 
| 46 f 6 | O | 


Assembler Format 
Op Code R4,Da(Xa,Ba) 


BCT 6,X'26" (0,10) 





The effect of the coding is to execute 
three times the loop defined by locations 
LUPE through BACK. 


BRANCH ON INDEX HIGH (BXH) 


The BRANCH ON INDEX HIGH instruction is an 
index-incrementing and loop-controlling 
instruction that causes a_ [ranch whenever 
the sum of an index value and an increment 
value is greater than some compare value. 
For example, assume that: 


00 8A 


it 


Register 4 contains 00 00 
= the index. 

Register 6 contains 00 00 
the increment. 


138 {10} 
00 02 = 2{10} = 


Register 7 contains 00 00 00 AA = 170{10} 
= the compare value. 
Register 10 contains 00 00 71 30 = the 


branch address. 


The format of the instruction is: 
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Machine Format 

Op Code Ry Rs Ba Da 

! 86 | 4 6f A J OOO] 
L ‘ ‘ ; : : 
Assembler Format 
Op Code R,4,Rs3,Da (Ba) 


BXH 4,6, 0(10) 





When the instruction is executed, first the 
contents of register 6 are added to 
register 4, second the sum is compared with 
the contents of register 7, and third the 
decision whether to branch is made. After 
execution: 


Register 4 contains 00 00 00 8C = 14010} 
Registers 6 and 7 are unchanged. 

Since the new value in register 4 is not 
yet greater than the value in register 7, 
the branch to address 7130 is not taken. 
Repeated use of the instruction will 
eventually cause the branch to be taken 
when the value in register 4 reaches 172. 
When the register used to contain the 
increment is odd, that register also 
becomes the compare-value register. The 
following assembler-language subroutine 
illustrates how this feature may be used to 
search a table. 


SSS SSS 
| Table i 


{+} _—-.+—__+ 
| 2 Bytes | 2 Bytes | 
ere eee ean: Scere aeaeigre aaa 
| ARG1 | FUNCT1 ( 
| ARG2 | FUNCT2 [ 
| ARG3 {| FUNCT3 | 
| ARGG { Fonctrvd | 
1 ARGS | FUNCTS { 
| ARG6 1 FONCT6 1 


| a ee ee | 


Assume that: 


Register 8 contains the search argument. 

Register 9 contains the width of the table 
in bytes (00 00 00 O04). 

Register 10 contains the length of the 
table in bytes (00 00 00 18). 

Register 11 contains the starting address 
of the table. 

Register 14 contains the return address to 
the main progran. 


As the following subroutine is executed, 
the argument in register 8 is successively 
compared with the arguments in the table, 
starting with argument 6 and working 
backward to argument 1. If an equality is 


found, the corresponding function replaces 
the argument in register 8. If an equality 
is not found, FFFF {16} replaces the 
argument in register 8. 


SEARCH LNR 9,9 
NOTEQUAL BXH 10,9,LOOP 
NOTFOUND LA 8,X*FFFF' 
BCR 15,14 
LOOP CH 8,0(2,3) 
BC ©7,NOTEQUAL 
LH 8,2(10,11) 
BCR 15,14 
The first instruction (INR) causes’ the 
value in register 9 to be made negative. 
After execution of this instruction, 
register 9 contains FFFFFFFC = -4{10}. 


Considering the case when no equality is 
found, the BXH instruction will be executed 
seven times. Each time BXH is executed, a 
value of -4 is added to register 10, thus 


reducing the value in register 10 by 4. 
The new value in register 10 is compared 
with the -4& value in register 9. The 


branch is taken each time until the value 
in register 10 is -4. 


BRANCH ON INDEX LOW OR EQUAL (BXLE) 


is similar to BRANCH ON 
INDEX HIGH except that the branch is 
successful when the sum is low or equal 
compared to the compare value. 


This instruction 


COMPARE HALFWORD (CH) 


The COMPARE HALFWORD instructicn compares a 
16-bit signed binary integer in storage 
with the contents of a register. FOr 
example, assume that: 


Register 4 contains FF FF _ 80 00 = 
-32,768{10}. 

Register 13 contains 00 01 60 50. 

Storage locations 16080-16081 contain 8000 
= -32,768{10}. 


When the instruction: 


Machine Format 


Op Code Ra Xo Ba Do 


Assembler Format 


Op Code Raq,Da(X2,B2) 
CH 4,X*30* (0,13) 


contents of locations 
16080-16081 are fetched, expanded to 32 
bits (the sign bit is propagated to the 
left), and compared with the contents of 
register 4. Because the two numbers are 
equal, condition code 0 is Set. 


is executed, the 


COMPARE LOGICAL (CL, CLC, CLI, CLR) 


The COMPARE LOGICAL instructions differ 
from the Ssigned-binary comparison 
instructions (C, CH, CR) in that all 
quantities are handled as unsigned binary 
integers or as unstructured data. 


ompare Logical (CLC) 


The COMPARE LOGICAL (CLC) instruction can 
be used to perform the byte-by-byte 
comparison of storage fields up to 256 


bytes in length. For example, assume that 


the following two fields of data are in 
storage: 

Field 1 

1886 1891 


7. 3s. TT ot tr 
[D1| D6(C8( D5, E2|/D6(D5(6B/C1(/ 4B C2| 4B | 
a soe Cee Eas es eee eee! Pe eee Ra ANSP Hee 


Field 2 
1900 190B 


ieee EE Sean GR GU ane a OR Cae 
[DI{D6(CB8ID5/E2(D6[D5/6BI(C1{ 4BI(C3 ] 4B | 


Also assume: 


Register 9 contains 00 00 18 80. 
Register 7 contains 00 00 19 OO. 


Execution of the instruction: 


Appendix A. Number Representation and Instruction-Use Examples A-11 


Machine Format 





Op Code L By Dy Bo Do 
oe ee ee a ee = 
| D5 1 OB | 9 {| O06] 7 | OOD] 


Assembler Format 


Op Code Dx, (L,Ba),Da (Ba) 





CLc 6 (12,9) ,0(7) 


sets condition code 1, indicating that the 
contents of field 1 are lower in value than 
the contents of field 2. 


Because the collating sequence of the 
EBCDIC code is determined simply by a 
logical comparison of the kits in the code, 
the CLC inStruction can be used to collate 
EBCDIC-coded fields. For example, in 
EBCDIC, the above two data fields are: 


Field 1 
Field 2 


JOHNSON, A.B. 
JOHNSON ,A.C. 


Condition code 1tells us that A.~B.JOHNSON 


precedes A.C.JOHNSON, thus placing the 
names in the correct alphaketic sequence. 


Compare Logical (CLI) 


The COMPARE LOGICAL (CLI) instruction 
compares a byte from the instruction stream 
with a byte from storage. For example, 
assume that: 


Register 10 contains 00 00 17 O00. 
Storage location 1703 contains JE. 


Execution of the instruction: 


Machine Format 


Op Code Is Ba Da 


Assembler Format 
Opn Code Dy, (B4),Ia 


CLI 3(10) ,X'AF® 











sets condition code 1, indicating that the 
first operand (the quantity in main 
storage) is lower than the second 
(immediate) operand. 
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Assume that: 


Register 4 contains 00 00 00 01 
Register 7 contains FF FF FF FF 


| 
= 
e 


232-1. 


Execution of the instruction: 


Machine Format 
Op Code Ra Ro 


aaa 
[ HS [| 4t 7I 


Assembler Format 





Op Code Rq,Roa 
CLR u,7 


sets condition code 1. Condition code 1 


indicates that the first operand is lower 
than the second. 
If, instead, the sigqned-binary comparison 


instruction COMPARE (CR) had been executed, 
the contents of register 4 would have been 
interpreted as +1 and the contents of 
register 7 as -1. Thus, the first operand 
would have been higher, so that condition 
code 2 would have been set. 


COMPARE LOGICAL CHARACTERS UNDER MASK (CLM) 


The COMPARE LOGICAL CHARACTERS 
(CLM) instruction provides a 
comparing bytes selected from a _ general 
register to a contiguous field of bytes in 
storage. The Ms field of the CLM 
instruction is a four-bit mask that selects 
zero to four bytes from a general register, 
each mask bit corresponding, left to right, 
to a register byte. In the comparison, the 
register bytes corresponding to ones in the 
Mask are treated as a ocontiguous field. 
The operation proceeds left to right. For 
example, assume that: 


UNDER MASK 
means’ of 


Three bytes starting at storage location 
10200 contain FO BC 7B 
Register 12 contains 10000 


Register 6 contains FO BC 5C 7B 


Execution of the instruction: 


Machine Format 


Op Code Rq Ma Bo Do 
fo ee ee ee eg ee ee ee 
[| BD {| 61 D{ Cf 2001 
a a ee a ee | 


Assembler Format 


Op Code 


Ra »-M3,D2 (Ba) 





CLM 6,B'1101" ,x'200# (12) 


causes the following comparison: 


Register 6: FO BC 5C TR 


Mask 1 1 0 1 
FO BC 7B 
| L—_-—— | 
Three bytes L_—____, | | 
starting at pt 7, tt 
location | FO | BC { 7B | 
10200 bi a 
Because the selected bytes are equal, 


condition code 0 is set. 


COMPARE LOGICAL LONG (CICL) 


The COMPARE LOGICAL LONG (CLCL) instruction 
is used to compare two operands in storage, 
byte by byte. Each operand can be of any 
length. Two even-odd pairs of general 
registers (four registers in all) are used 
to locate the operands and to control the 
execution of the CLCL instruction, as 
illustrated in the following diagram. The 
first reaister of each pair must be an even 
register, and it contains the storage 
address of the byte currently being 
compared in each operand. The odd register 
of each pair contains the length of the 
operand it covers, and the leftmost byte of 
the second-operand odd register contains a 
padding byte which is used to extend the 
shorter operand, if any, to the same length 
as the longer operand. 


The following illustrates the assignment of 
registers: 


\////////\First—Operand Address | 


0 8 31 


R, (even) 


SS 
Rat1(odd) |////////\| First—Operand Length | 
I in a in a cr cl 








0 8 31 
SS Oe ee a 
Ro (even) 1////////\Second—Operand Address] 
| erences, Ue ie a 
0 8 31 





ie wee ge Sa ee ee ee 
Rat1(odd) |Pad Byte|Second—Operand Length | 





[| ee ee 1 ices eel 
0 8 31 
Since the CiGs instruction ma y be 
interrupted during execution, the 
interrupting program must preserve the 


contents of the four registers for use when 
the instruction is resumed. 


The following instructions set up two 


register pairs to control a text-string 
comparison. For example, assume: 

Operand 1 

Address: 20800 (hex) 

Lenath: 100 (dec) 

Operand 2 


Address: 20A00 (hex) 
Lengths 132 (dec) 


g 


Address: 20003 (hex) 

Lengths: 1 

Value: 4O (hex) 

Register 12 contains 00 02 00 00 
The setup instructions are: 
LA 4,X*800* (12) Point register 4 to 
start of first operand 
Set register 5 to 
length of first 
operand 
Point register 8 to 
start of second 
operand 
Set reqister 9 to 
length of second 
operand 
Insert padding byte in 
leftmost byte position 
of register 9. 


LA 5,100 


LA 8,X*A00*(12) 


LA 9,132 


ICM 9,B'1000',3(12) 


first 
4 contain 
start of an 
string, and bits 8-31 of 


Register pair 4,5 defines the 
operand. Bits 8-31 of reqister 
the storage address of the 
EBCDIC text 
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register 5 contain the length of the 


string, in this case 100 bytes. 


defines the second 
operand, with bits 8-31 of register 8 
containing the starting location of the 
second operand and bits 8-31 of register 9 
containing the length of the second 
operand, in this case 132 bytes. Bits 0-7 
of register 9 contain an EBCDIC blank 
character (X'40O°) to pad the shorter 
operand. In this example, the padding byte 
is used in the first operand, after the 
100th byte, to compare with the remaining 
bytes in the second operand. 


Register pair 8,9 


With the register pairs thus set up, the 
format of the CLCL instruction is: 


Machine Format 


Op Code Ra Ra 


Assembler Format 
Op Code R,4,Ra 


CLCL 4,8 


When this instruction is executed, the 
comparison starts at the left end of each 
operand and proceeds to the right. The 
operation ends as soon aS an inequality is 
detected or the end of the longer operand 


is reached. 


If this CLCL instruction is interrupted 
after 60 bytes have compared equal, the 
operand lengths in registers 5 and 9 will 


have been decremented to X'28' and X'48', 
respectively, and the operand addresses in 
registers 4 and 8 will have been 


incremented to xX'2083C' and X'20A3C'. The 
padding byte xX'4O" remains in register 9. 
When the CLCL instruction is reissued with 
these register contents, the comparison 
resumes at the point of interruption. 


Now, assume that the instruction is 
interrupted after 110 bytes. That is, the 
first 100 bytes of the seccnd operand have 
compared equal to the first operand, and 
the next 10 bytes of the second operand 
have compared equal to the padding byte 
(blank). The residual operand lengths in 
registers 5 and 9 are 0 and xX'16', 
respectively, and the operand addresses in 
registers 4 and 8 are X!'20864! (the value 


when the first operand was exhausted, and 
X'20A6E' (the current value for the second 
operand). 

When the comparison ends, the condition 
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code is set to 0, 1, or 2, depending on 
whether the first operand is equal to, less 


than, or greater than the second operand, 
respectively. 
When the operands are unegual, the 


addresses in registers 4 and 8 locate the 


bytes that caused the mismatch. 


CONVERT TO BINARY (CVB) 


The CONVERT TO BINARY instruction converts 
an eight-byte, packed-decimal number into a 
Signed binary integer and loads the result 
into a general register. After the 
conversion operation is completed, the 
number is in the proper form for use as an 
operand in signed binary arithmetic. For 
example, assume: 


Storage locations 7608-760F contain a 
decimal number in the packed format: 
00 00 00 00 00 25 59 4C (+25,594). 

The contents of register 7 are not 
significant. 

Register 13 contains 00 00 76 OO. 

The format of instruction 

is: 


the conversion 


Machine Format 


Op Code Ra Xa Ba Do 


————_ Th 
| 4F | 7Ft Of DI O08 
a 


Assembler Format 


Op Code R4a,D2(X2-/Ba) 


CVB 7,8(0,13) 


After the instruction is executed, register 
7 contains 00 00 63 FA. 


CONVERT TO DECIMAL (CVD) 


The CONVERT TO DECIMAL instruction performs 
functions exactly opposite to those of the 
CONVERT TO BINARY instruction. CVD 
converts a signed binary integer in a 
register to packed decimal and stores the 
eight-byte result. For example, assume: 
Reqister 1 contains the signed binary 
integer: 00 00 OF OF. 
Register 13 contains 00 00 76 OO. 


The format of the instruction is: 


2 


Machine Format 


Op Code Rq Xa Bo Da 
| i: Pei: a ees Mees | 
( 4E | tyto4te od 4 0084 
a a eS Laer Seek eee | 


Assembler Format 


Op Code R4,D2(X2,Ba) 
CVD 1,8(0,13) 


After the instruction is executed, storage 


locations 7608-760F contain 00 00 00 00 00 
03 85 5C (+3855). 
The plus sian generated is the preferred 


plus sign, 1100 {2}. 


DIVIDE (D, DR) 


The DIVIDE instruction divides the dividend 
in an even-odd register pair by the divisor 
in a register or in storage. Since the 
dividend is assumed to be 64 bits long, it 
is important that the proper sign be first 
affixed. For example, assume that: 


Storage locations 3550-3553 contain 00 00 
08 DE = 2270{10} = the dividend. 

Storage locations 3554-3557 contain 00 00 
00 32 = 50{10} = the divisor. 

The initial contents of registers 6 and 7 
are not significant. 

Register & contains 00 00 35 50. 


The following assembler language statements 
load the registers properly and perform the 
divide operation: 


aa aha | 
| Statement | Comments | 
—-—————— 

[L 6,0(0,8) [Places 00 00 08 DE into | 
| | register 6. | 
ISRDA 6,32(0) |Shifts 00 00 08 DE into | 
| | register 7. Register 6 | 
| | is filled with zeros | 
| | (sign bits). { 
|D 6,4(0,8) |Performs the division. | 
ie ic Sine aan tim hi iSite iin fa inners eel 


The machine format of the above DIVIDE 
instruction is: 
Machine Format 
Op Code Ra Xo Ba Da 
Ee a Te pean eee emnE ET | 
{ 5D | 6, Of 8 | O04| 
TS ene eS 





After all the foregoing instructions are 
executed: 
Register 6 contains 00 00 00 14 = 20{10} = 
the remainder. 
Register 7 contains 00 00 00 2D = 45{10} = 


the quotient. 


Note that if the dividend had not been 
first placed in register 6 and shifted into 
register 7, register 6 might not have been 
filled with the proper sign bits (zeros in 
this example), andthe DIVIDE instruction 
might not have given the expected results. 


EXCLUSIVE OR (X, XC, XI, XR) 


When the Boolean operator EXCLUSIVE OR is 
applied to two bits, the result is one when 
either, but not both, of the two bits is 
one; otherwise, the result is zero. When 
two bytes are EXCLUSIVE ORed, each pair of 
bits is handled separately; there is no 
connection from one bit position to 
another. The following is an example of 
the EXCLUSIVE OR of two bytes: 


First-operand byte: 0011 0101 {2} 
Second-operand byte: 0101 1100 {2} 


Result byte: 0110 10012} 


Exclusive Or (XC) 





The EXCLUSIVE OR (xC) instruction can be 
used to exchange the contents of two areas 
in storage without the use of an 
intermediate storage area. For example, 
assune two three-byte fields in storage: 


359 35B 


a a a 
1001171490) 
an eee! Smee | 


Field 1 


360 362 


So 
[001] 141,01] 
Lf 


Field 2 


Execution of the instruction (assume that 
register 7 contains 00 00 03 58): 
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Machine Format 


Op Code L Ba Da Ba Do 
Pi ik Se es ca amare | 
| D7 | 02 | 74 001f 7 {| OO8| 


ee i es es Se | 


Assembler Format 
Op Code Dy (L,Bs), Da (Ba) 


XC 1(3,7),8(7) 


Field 1 is EXCLUSIVE ORed with field 2 as 


follows: 


Field 1: 0000 0000 0001 0111 1001 0000 {2} 


= 00 17 90 

Field 2: 0000 0000 0001 0100 0000 0001 {2} 
= 00 14 01 

Result: 0000 0000 0000 0011 1001 0001 £2} 


= 00 03 91 


The result replaces the former contents of 


field 1. 


Now, execution of the instruction: 


Machine Format 


Op Code L Ba Da Bo Da 
a: San Se Saemaees eens saree. | 
{ D7 102 | 7 4 O08] 7 | OOTT 


[ee el ee ees ae ce mene | 


Assembler Format 


Op Code Dy, (L,Ba),Da (Ba) 


> AT siti eS ED 


XC 8(3,7),1(7) 


produces the following result: 


Field 1: 0000 0000 0000 0011 1001 0001 {2} 


= 00 03 91 
Field 2: 0000 0000 0001 0100 0000 0001 {2} 
= 00 14 01 
Result: 0000 0000 0001 0111 1001 0000 {2} 
= 00 17 90 
The result of this operation replaces the 


former contents of field 2. Field 2 now 
contains the original value of field 1. 


Lastly, execution of the instruction: 
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Machine Format 


Op Code L By Da Ba Da 
(or ee re es ee ee cee 
| D7 1 02 4 7 { 001] 7 4 008 


a ee DB 


Assembler Format 


Op Code D4, (L,B,s) ,D2 (Ba) 


XC 1(3, 7) ,8(7) 


produces the following result: 


Field 1: 0000 0000 0000 0011 1001 0001 {2} 
= 00 03 91 

Field 2: 0000 0000 0001 0111 1001 0000 {2} 
= 00 17 90 

0000 0000 0001 0100 0000 0001 {2} 
= 00 14 01 


The result of this operation replaces the 
former contents of field 1. Field 1 now 
contains the original value of field 2. 


Exclusive Or (XI) 


A frequent use of the 
instruction is to invert a bit (change a 
zero bit to a one or a one bit to a zero). 
For example, assume that storage location 
8082 contains 0110 1001{2}. To invert the 


EXCLUSIVE OR (XI) 


leftmost and rightmost bits without 
affecting any of the other bits, the 
following instruction can be used (assume 


that register 9 contains 00 00 80 80): 


Machine Format 


Op Code Ia By Da 


a a 
| 97 1 81 | 9 | 002 
; 1 1 1 J 


Assembler Format 
Op Code D, (B14) ,Ia 

XI 2(9) ,x'ai' 
When the instruction is executed, the byte 
in storage is EXCLUSIVE ORed with the 


immediate byte (the Ig field of the 
instruction): 


Ser 


Location 8082: 0110 1001 {2} 
Immediate byte: 1000 0001 {2} 


Result: 1110 1000 {2} 


The resulting byte is stored back in 
location 8082. Condition code 1 is set to 
indicate a nonzero result. 


Notes: 


1. With the xC instruction, fields up to 
256 bytes in length can be exchanged. 


2. With the XR instruction, the contents 
of two registers can be exchanged. 


3. Because the xX instruction operates 
storage to register only, an exchange 
cannot be made solely by the use of X. 

4. A field EXCLUSIVE CRed with itself is 

cleared to zeros. 


5. For additional examples of the use of 


EXCLUSIVE OR, see the section 
"Floating-Point-Number Conversion" 
later in this appendix. 

EXECUTE (EX) 

The EXECUTE instruction causes one target 


to be executed 
out of sequence without actually branching 
to the target instruction. Unless the Ry 
field of the EXFCUTE instruction is zero, 
bits 8-15 of the target instruction are 
ORed with bits 24-31 of the R, register 
before the target instruction is executed. 
Thus, EXECUTE may be used to supply the 
length field for an SS instruction without 


Clie OS EE RAO 


modifying the SS instruction in storage. 
For example, assume that a MOVE (MVC) 
instruction is the target that is located 


at address 3820, with a format as follows: 


Machine Format 





Op Code L Ba Da Bo Do 
Ge a a a ee i rie | 
{ D2 { 0O | Cc { 0031 D { 000] 


| SESE SCE SO LT Snes Cen MMR | 


Assembler Format 


Op Code Dy (L,By) ,Da (Ba) 


MVC 3(1,12),0(13) 


where register 12 contains 00 00 89 13 and 
register 13 contains 00 00 90 AO. 


Further assume that at storage address 


5000, the following EXECUTE instruction is 
located: 


Machine Format 

Op Code Ra Xo Ba Da 
eee 
{ GG i tye oy a t 0004 
a Cs Ces CS Lee | 
Assembler Format 
Op Code R4,Da(Xa,/Ba) 


EX 1,0(0,10) 





where register 10 contains 00 00 38 20 and 
register 1 contains 00 OF FO 03. 


When the instruction at 5000 is executed, 
the rightmost byte of register 1 is ORed 
with the second byte of the target 
instruction: 


Register byte: 0000 O0000{2} = 00 
Instruction byte: 0000 0011{2} = 


Result: 0000 0011{2} = 03° 
causing the instruction at 3820 to he 
executed as if it originally were; 


Machine Format 


Op Code L Ba Da Ba Da 
CS a ee ee eS Se ee 
| D2 { 03 | CC { 0034 D { OOO| 


| CREE KEENE KINO LE cee Lance | 


Assembler Format 
Op Code Dy, (L,B,) ,Da (Ba) 


MVC 3(4, 12) ,0(13) 





However, after execution: 


Register 1 is unchanged. 

The instruction at 3820 is unchanged. 

The contents of the four bytes starting at 
location 90A0 have been noved to the 
four bytes starting at location 8916. 


The CPU) next executes the instruction at 
address 5004 (PSW bits 40-63 contain 
00 50 OW). 


INSERT CHARACTERS UNDER MASK (ICM) 


The INSERT CHARACTERS UNDER MASK 
instruction may be used to replace 


(ICM) 
all or 
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selected bytes in a general register with 
bytes from storage and to set the condition 
code to indicate the value of the inserted 











field. 
For example, if it is desired to insert a 
three-byte address from FIELDA into 
register 5 and leave the leftmost byte of 
the register unchanged, assume: 
Machine Format 
Op Code Ra Ms Sa 
aan mii aaa 7 7 
| BF (5 | 7 J **# * * | 
ee  —— ———EEE eee | 
Assembler Format 
Op Code R4,M3,Sa 
ICM 5,B'0111',FIELDA 
FIELDA: FF DC BA 
Register 5 (before): 12 34 56 78 


Register 5 (after): 12 FE DC BA 

Condition code (after): 1 (leftmost bit 
of inserted 
field is one) 


As another example: 


Machine Format 


Op Code Ra M3 Se 
Ce Ne ee ee 
| BF Pe fo Le eee | 
ee es a San | 


Assembler Format 





Op Code Ry -M3a,Sa 

ICM 6,B'1001', FIELDB 
FIELDB: 12 34 
Register 6 (before): 00 00 00 900 
Register 6 (after): 12 00 00 34 


(inserted field 
is nonzero 
with leftmost 
zero bit) 


Condition code (after): 2 


When the mask field contains 1111, the ICM 
instruction produces the same result as 
LOAD (L) (provided that the indexing 
capability of the RX format is not needed), 
except that ICM also sets the condition 
code. The condition-code setting is useful 
when an all-zero field (condition code Q) 
or a leftmost one bit (condition code 1) is 
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used as a flag. 


LOAD (L, LR) 


The LOAD instructions take four bytes from 


storage or from a general register and 
place them unchanged into a general 
register. For example, assume that the 


four bytes starting with location 21003 are 
to be loaded into register 10. Initially: 


Register 5 contains 00 02 00 OO. 
Register 6 contains 00 00 10 03. 
The contents of register 10 are not 


significant. 
Storage locations 21003-21006 contain 00 
0O AB CD. 
To load register 10, the RX form of the 


instruction can be used: 


Machine Format 
Op Code Req Xo Ba Do 


nw ee ee A ee ew 
| 58 {1 Ald Sf 6 | OOO] 


Assembler Format 


Op Code R4a,Da(Xa-Ba) 


After the instruction is executed, register 
10 contains 00 00 AB CD. 


LOAD ADDRESS (LA) 


The LOAD ADDRESS instruction provides a 
convenient way to place a nonnegative 
binary integer up to 4095{10} in a register 
without first defining a constant and then 
using it as an operand. For example, the 
following instruction places the number 
2048{10} in register 1: 


Machine Format 


Op Code Rq Xa Bs Do 
SS oe a ee ee re" 
| 4u1 | 1) #O | 0 | 800] 





Assembler Format 





Op Code Ra,De2(Xa,Ba) 

LA 1,2048 (0,0) 
The LOAD ADDRESS instruction can also be 
used to increment a register by an amount 
up to 4095{10} specified in the Dg field. 


Only the rightmost 24 bits of the result 
are retained, however. For example, assume 
that register 5 contains 00 12 34 56. 


The instruction: 


Machine Format 

Op Code Ra Xa Ba Da 
i a a as a 
| 41 | 5 | 0 | 5 | OOA| 
a a 
Assembler Format 

Op Code R,y,Da(Xa,Ba) 
LA 5,10(0,5) 


adds 10 (decimal) to the 
register 5 as follows: 


contents of 


Register 5 (old): 00 12 34 56 
Da field: 00 00 00 OA 


—- a: ab GD aD Ge a> OD On oe oe OD ae Sop oe ot ab oe ot o& ob Han ae Oo 


Register 5 (new): 00 12 34 60 


The register may be specified as either Bg, 
or Xz. Thus, the instruction LA 5,10(5,0) 
produces the same result. 


As the most general example, the 
instruction LA 6,10(5,4) adds the 
displacement, in this case 10, to the 
contents of register 4 and to the contents 
of register 5 and places the 24-bit sum of 
these three values in register 6. 


LOAD HALFWORD (LA) 


The LOAD HALFWORD instruction 
unchanged a halfword fron 
Tight half of a reqister. The left half of 
the register is loaded with zeros or ones 
according to the sign (leftmost bit) of the 


places 
storage into the 


halfword. 


assume that the two bytes in 
1803-1804 are to be 
Also assume: 


For example, 
storage locations 
loaded into register 6. 
The contents of register 6 are not 
significant. 
Register 14 contains 00 00 18 03. 
Locations 1803-1804 contain 00 20. 
The instruction required to load the 
register is: 


Machine Format 


Op Code Rq Xo Ba Do 


Assembler Format 


Op Code Ra -Da (Xa ,Ba) 


After the instruction is executed, register 
6 contains 00 00 00 20. If locations 
1803-1804 had contained a negative number, 
for example, A7 B6, a minus Sign would have 
been propagated to the left, giving FF FF 
A7 B6 as the final result in register 6. 


MOVE (MVC, MVZI) 


Move (MVC) 


The MOVE (MVC) instruction can be used to 
move data from one storage location to 
another. For example, assume that the 


following two fields are in storage: 
2048 2052 


Field 1 [C1IC2(C3|IC4|C5IC6IC7ICB8(CI|CA{CB| 
a a en Sen eee Sn en a Se nn Se | 


3840 3848 


Sr ree 
Field 2 |FUIF2|F3(F4|F5(F6/F7|F8|F9| 
[Saran een ences Leben Memes Weems Unmeman Mateos ewe | 


Also assume: 


Register 1 contains 00 00 20 48. 
Register 2 contains 00 00 38 40. 
With the 


following instruction, the first 
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eight bytes of field 
eight bytes of field 1: 


2 replace the first 


Machine Format 





On Code L Ba Da Bo Da 
acs a aa: eRe rTrcCOCO.8 
| D2 | O7 | 1 | OOO| 2 | OOO| 


[ee ee i i ee ee 


Assembler Format 


Op Code Dy (L,B,i),D2 (Boa) 


MYC 0 (8,1) ,0(2) 


After the instruction is 
becomes: 


executed, field 1 


2048 2052 


1 
|FIJF2(F3(F4(FS|(|FEO(F7(F8(C9II(CAICB | 
a a 


Field 1 


Field 2 is unchanged. 


MVC can also be used to propagate 
through a field by starting the 
first-operand field one tyte location to 
the right of the second-operand field. For 
example, suppose that an area in storage 
Starting with address 358 contains the 
following data: 


a byte 


358 360 
So 
JOO[FI[ F2| F3( F4{FS|F6/F7|F8| 
eee ree) ERO! Some! Oak: NEN Goer! Smee mE 


With the following MYC 
zeros in location 358 can be propagated 
throughout the entire field (assume that 
register 11 contains 00 00 03 58): 


instruction, the 


Machine Format 


Op Code Gb By Ds Bs Ds 


ee en ee ee ee ge 
| D2 197 | B | 001] B { OOO| 


ee ee es se a | 


Assembler Format 


Op Code Dy (L,Bs),Da (Ba) 


MYC 1(8,11),0(11) 


Because the MVC handles one Lyte at a time, 
the above instruction essentially takes the 
byte at address 358 and stores it at 359 
(359 now contains 00), takes the byte at 
359 and stores it at 35A, and so on, until 
the entire field is filled with Zeros. 
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Note that an MVI instruction could have 
been used originally to place the byte of 
zeros in location 358. 

Notes: 


eae 


1. Although the field occupying locations 


358-360 contains nine bytes, the 
length coded in the assembler format 
is equal to the number of moves (one 


less than the field length). 


2- The order of operands is 
even though only one 
involved. 


important 


field is 


Move (MVT) 


The MOVE (MVI) instruction 
of information from 


places one byte 
the instruction stream 


into storage. For example, the 
instruction: 
Machine Format 
Op Code To By Dy 
a a re es | 
[ 92 | 5B { 1 4 OOO| 
a 
Assembler Format 
Op Code Da (Ba) ~lo 

MVI 0(1) ,c'$s! 
may be used, in conjunction with the 
instruction EDIT AND MARK, to insert a 
dollar symbol at the storage address 


contained in general register 1 
the example for EDIT AND MARK). 


(see also 


MOVE LONG (MVCL) 


The MOVE LONG (MVCL) instruction can be 
used for moving data in storage as in the 
first example of the MVC instruction, 
provided that the two operands do not 
overlap. MVCL differs from MVC in that the 
address and length of each operand are 
specified in an even-odd pair of general 
registers. Consequently, MVCL can be used 
to move more than 256 bytes of data with 
one instruction. AS an example, assume: 


Register 2 contains 00 OA 00 OO. 
Register 3 contains 00 00 08 OO. 
Register 8 contains 00 06 00 00. 
Register 9 contains 00 00 08 OO. 


9 


Execution of the instruction: 


Machine Format 


Op Code Ra Ro 


rs a as | 
| OE | 8 | 2 | 
Ee ee a 


Assembler Format 


Op Code Rag ,Fa 
MVCL 8,2 
moves 2,048{10} bytes fron locations 


60000-607FF. 
indicate that 


AOOOO-AO7FF to location 
Condition code 0is_ set to 
the operand lengths are equal. 
3 had contained FO 00 


If register 04 00, 


only the 1,024{10} bytes from locations 
AOOOO-AO3FF would have been moved to 
locations 60000-603FF. The remaining 


locations 60400-607FF of the first operand 
would have been filled with 1,024 copies of 
the padding byte X'FO', as specified by the 
leftmost byte of register 3. Condition 
code 2 is set to indicate that the first 
operand is longer than the second. 


The technique for setting a field to zeros 


that is illustrated in the second example 
of MVC cannot be used with MVCL. If the 
registers were set up to attempt such an 


operation with MVCL, no data movement would 
take place and condition code 3 would 
indicate destructive overlap. 


clear a 
follows. Assume 

up as. before. 
only zeros, specifying 


Instead, MVCL may be used to 
Storage area to zeros as 
register 8 and 9 are set 


Register 3 contains 


zero length for the second operand anda 
zero padding byte. The contents of 
register 2 are not Significant. Executing 


the instruction MVCL 8,2 causes locations 
60000-607FF to be filled with zeros. 
Condition code 2 is Set. 


MOVE NUMERICS (MVN) 


Two related instructions, MOVE NUMERICS and 
MOVE ZONES, may be used with decimal data 
in the zoned format to operate separately 
on the rightmost four bits (the numeric 
bits) and the leftmost four bits (the zone 
bits) of each byte. Both are Similar to 
MOVE (MVC), except that MOVE NUMERICS moves 
only the numeric bits and MOVE ZONES moves 
only the zone bits. 
To illustrate the 


operation of the MOVE 


NUMERICS instruction, assume that the 
following two fields are in storaqe: 


7090 7093 


a i ee ee 
Field A |C6|C7|IC8|C9I| 
LL... nel _—__—_J 


7041 7046 


Se Se, Sa Ga en 
Field B [FO(FI(F2(F3|(F4|F5| 
eos Ree Hee Ce nee Ge 


Also assume: 


Register 14 contains 00 00 70 90. 
Register 15 contains 00 00 70 40. 


After the instruction: 


Machine Format 


Op Code L Bs D4 Ba Do 
St Le 
| D1 { 03 | F | OOTf E [| OOO 


a eh 


Assembler Format 


Op Code D4 (L,B,a) ,D2 (Ba) 


MVN 1(4, 15) ,0(14) 


is executed, field B becomes: 


7041 7046 
a hae Te ae aa aie 
[| F6O|F7( FS, F9| FSI F5| 
a ed 


The numeric bits of the bytes at locations 
7090-7093 have been stored in the numeric 
bits of the bytes at locations 7041-7044, 
The contents of locations 7090-7093 and 


7045-7046 are unchanged. 


MOVE WITH OFFSET (MVO) 


MOVE WITH OFFSET may be used to shift a 
packed-decimal number an odd number of 
digit positions or to concatenate a sign to 
an unsigned packed-decimal number. 


Assume that the three-byte 
packed-decimal number in 
4500-4502 is to be 
5600-5603 and 
packed-decimal 
5603. 


unsigned 
storage locations 
moved to locations 

given the sign of the 
number ending at location 
Also assume: 


Register 12 contains 00 00 56 00. 
Register 15 contains 00 00 45 00. 
Storage locations 5600-5603 contain 77 88 
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99 0C. 
Storage locations 4500-4502 
56. 


contain 12 34 
After the instruction: 


Machine Format 
Op Code La La Ba Da Ba Do 

S aan aa arrD | 
| F1 | 3 | 2 | Cc | OOO] F | OOO] 
ee ee. eT a La ene iene | 
Assembler Format 


Op Code Dy (L4,Ba) ,D2(lo,Bo) 








MVO 0 (4,12),0(3,15) 


is executed, the 
5600-5603 contain 01 23 45 6c. Note that 
the second operand is extended on the left 
with one zero to fill out the first-operand 
field. 


storage locations 


MOVE ZONES (MVZ) 


The MOVE ZONES instruction can, similarly 
to MOVE (MVC) and MOVE NUMERICS, operate on 
overlapping or nonoverlapping fields. When 
operating on nonoverlapping fields, MOVE 
ZONES works like the MOVE NUMERICS 
instruction (see the example for MOVE 
NUMERICS), except that MCVE ZONES moves 
only the zone bits of each byte. To 
illustrate the use of MOVE ZONES with 
overlapping fields, assume that the 
following data field is in storage: 


800 805 


SS 
([FIPC2|F3(/ C4] F5(C6[ 
a a ae cs a 


Also assume that register 15 contains 00 00 
08 00. The instruction: 


Machine Format 


Op Code L By ty Ba. “Da 
ae, eee TEI enue Vries careeaaaes: Smears | 
| D3 | OO | F { OO" F | 0001 


ee ee ee a a ee | 


Assembler Format 


Op Code Dg, (L,Ba) Da (Ba) 
NVZ 1(5,15),0(15) 
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propagates the zone bits from the 
address 800 through the 
that the field becomes: 


byte at 


800 805 


[FI F2| F3|F4(F5|F6 
ee ee ee a a 


MULTIPLY (M, MR) 


Assume that a number in register 5 is to be 

multiplied by the contents of a word at 

address 3750. Initially: 

The contents of register 4 are not 
Siqnificant. 

Register 5 contains 00 00 
= the nultiplicand. 

Register 11 contains 00 00 06 O00. 

Register 12 contains 00 00 30 00. 

Storage locations 3750-3753 contain 00 00 
00 83 = 131{10} = the multiplier. 


00 9A = 154410} 


The instruction required for performing the 
multiplication is: 


Machine Format 


Op Code Ra Xo Bo Da 


Assembler Format 


Op Code R4,Da (Xa,Ba) 
M 4,X*150'(11,12) 
After the instruction is executed, the 


product is in the register pair 4 and 5: 


Register 4 contains 00 00 00 OO. 

Register 5 contains 00 00 4E CE = 
20,174{10}. 

Storage locations 3750-3753 are unchanged. 


The RR format of the instruction can be 
used to square the number in a register. 
Assume that register 7 contains 00 01 00 
05. The instruction: 


entire field, so 


Machine Format 


Op Code Ry Ra 


Assenbler Format 


Op Code R4,Ra 


MR 6,7 


multiplies the number in register 7 by 
itself and places the result in the pair of 
registers 6 and 7: 


Register 6 contains 00 00 00 01. 
Register 7 contains 00 OA 00 19. 


MULTIPLY HALFWORD (MH) 


The MULTIPLY HALFWORD instruction is used 
to multiply the contents of a register by a 
halfword in storage. For example, assume 
that: 


Register 11 contains 00 00 00 15 =21{10} = 
the multiplicand. 

Register 14 contains 00 00 01 00. 

Register 15 contains 00 00 20 00. 

Storage locations 2102-2103 contain FF D9 
= -39 = the multiplier. 


The instruction: 


Machine Format 


Op Code Rq Xo Bo Do 





Assembler Format 
Op Code Rae Da (X2,Ba) 


MH 11,2(14,15) 





multiplies the two numbers. The product, 
FF FF FC CD = -819{10}3, replaces’ the 
original contents of register 11. 


Only the rightmost 32 kits of a product are 
stored in a register; any Significant bits 
on the left are lost. No progran 
interruption occurs on overflow. 


OR (0, OR, OI, OC) 


When the Boolean operator OR is applied to 
two bits, the result is one when either bit 
is one; otherwise, the result is zero. 
When two bytes are ORed, each pair of bits 
is handled separately; there is no 
connection from one bit position to 
another. The following is an example of 
ORing two bytes: 


First-operand byte: 0011 01012} 
Second-operand byte: 0101 1100 {2} 


Result byte: 0111 11012} 


Or (Of) 


A frequent use of the OR instruction is to 
set a particular bit to one. For example, 
assume that storage location 4891 contains 
0100 0010{2}. To set the rightmost bit of 
this byte to one without affecting the 
other bits, the following instruction can 
be used (assume that register 8 contains 00 
00 48 90): 


Machine Format 
Op Code Is Ba Dy 
eS 5 oN Oe 
l 96 i o1 { 8 | OO] 
Ee ee a es | 
Assembler Format 
Op Code D4 (Bz) ,lIa 

OI 1(8) ,xX*01! 
When this instruction is executed, the byte 
in storage is ORed with the immediate byte 
(the In field of the instruction): 


Location 4891: 0100 0010 {2} 
Immediate byte: 0000 0001{2} 


Result: 0100 0011 {2} 


The resulting byte with bit 7 set to one is 


stored back in location 4891. Condition 
code 1is set. 

PACK (PACK) 

Assume that storage locations 1000-1003 


contain the following zoned-decimal number 
that is to be converted to a packed-decinal 
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humber and left in the same location: 


1000 1003 


i ee Me meme | 
zoned number |F1|F2[(F3|c4] 
eo 


Also assume that register 12 contains 00 00 
10 00. After the instruction: 


Machine Format 
Op Code Ly Le Ba De Ba Da 
ees ae: eee, wate emcee 


amit moe ete | 
| F2 ' 3 t 3 t Cc | OOOT C | OOD{ 
ee 


Assembler Format 





Op Code Dy (L4,B1) ,D2(la,Ba) 
DACK 0(4,12),0(4,12) 
is executed, the result in locations 


1000-1003 is in the packed-decimal format: 


1000 1003 

Sr ee 
Packed number [00/01] 23/4C| 

a ne a Se | 
Notes: 

1. This example illustrates the operation 
of PACK when the first- and 
second-operand fields overlap 
completely. 


2. During the operation, the second 
operand was extended on the left with 
zeros. 


SHIFT LEFT DOUBLE (SLDA) 


The SHIFT LEFT DOUBLE instruction is 
Similar to SHIFT LEFT SINGLE except that 
SLDA shifts the 63 bits (not including the 
sign) of an even-odd register pair. The Ry 
field of this instruction must be even. 
For example, if the contents of registers 2 
and 3 ares: 


00 7F OA 72 FE DC BA 98 = 
0000 0000 0111 1111 0000 1010 0111 0010 
1111 1110 1101 1100 1011 1010 1001 1000 {2} 


The instruction: 
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Machine Format 


Op Code Ra Ra Bo Da 


CO ese ee ee Re re ee ee a | 
I 8F | 2 I4///1 O [| O1F| 
a en ey 
Assembler Format 
Op Code Ra -Da (Ba) 
SLDA 2,31 (0) 
results in registers 2 and 3 both being 


left-shifted 31 bit positions, so _ that 
their new contents are: 


TF 6E 5D 4C 00 00 00 00 = 
01711 1111 0110 1110 0101 1101 0100 1100 
0000 0000 0000 0000 0000 0000 0000 0000 {2} 


In this case, a significant bit is shifted 
out of bit position 1 of register 2. 
Condition code 3 is set to indicate this 
overflow and, if the fixed-point-overflow 
mask bit in the PSW is one, a fixed-point 
overflow interruption occurs. 


SHIFT LEFT SINGLE (SLA) 


Because SHIFT LEFT SINGLE leaves the sign 
bit unchanged, this instruction performs an 
algebraic shift. For example, if the 
contents of register 2 are: 


00 7F OA 72 = 0000 0000 0111 1111 0000 1010 
0111 0010 {2} 


The instruction: 


Machine Format 
Op Code Rq Ra Ba Do 


oe a ee A a ee 
( 8B [| 2 I////( 9 1 0081 
ee ee ee | 


Assembler Format 
Op Code R4a,Da (Ba) 
SLA 2,8(0) 


register 2 being shifted left 
positions so that its new 


results in 
eight bit 
contents are: 


7F OA 72 00 = 0111 1111 0000 1010 0111 0010 
0000 0000 {2} 
indicate that 


Condition code 2 is set to 


the result is nonzero and positive. 


If a left shift 
specified, a 


of nine places had been 
Significant bit would have 


been shifted out of bit position 1. 
Condition code 3 would have been set to 
indicate this overflow and, if the 


fixed-point-overflow mask bit in the PSW is 
one, a fixed-point overflow interruption 
would have occurred. 


STORE CHARACTERS UNDER MASK (STCM) 


STORE CHARACTERS UNDER MASK (STCM) may be 
used to place selected bytes from a 
register into storage. For example, if it 
is desired to store a three-byte address 
from general register 8 into location 
FIELD3, assume: 


Machine Format 





Op Code Rq Ma So 
oe a eS ep ne ON er ee 7 
| BE | 8 | 7 | *** * | 
dL eh. Se 


Register Format 


Op Code Py,Ma,So 





STC 8,B'0111', FIELD3 


Reqister 8: 12 34 56 78 
FIELD3 (before): not significant 
FIELD3 (after): 34 56 78 


As another example: 


Machine Format 








Op Code Rq M3 Sea 
Ur ee we & ee 7 
| BE [9 1S.) ee 
| eee eee See A eee ae eee 


Reaqister Format 


STCM 9,B'0101", FIELD2 


Register 9: 01 23 45 67 
FIELD2 (before): not Significant 
FIELD2 (after): 23 67 


STORE MULTIPLE (STM) 


Assune that the contents’) of general 
registers 14, 15, 0, and 1 are to be stored 
in consecutive words starting with location 
4050 and that: 


Register 14 contains 00 00 25 63. 

Register 15 contains 00 01 27 36. 

Register 0 contains 12 43 00 62. 

Reqister 1 contains 73 26 12 57. 

Register 6 contains 00 00 4O QO. 

The initial contents of locations 
4O50-405F are not siaqnificant. 


allows the 
store the 


The STORE MULTIPLE instruction 
use of just one instruction to 
contents of the four registers: 


Machine Format 


Op Code Ryq R3 Bo Do 
Core sa ee ae Se N  p , ee oe 


I 90 | EY] dy 64 0504 
(eo ae! ee a ee | 


Assembler Format 
Op Code R4,Fa,Do (Ba) 


STM 14,1,X*50"(6) 


After the instruction is executed: 


Locations 4050-4053 contain 00 00 25 63. 
Locations 4054-4057 contain 00 01 27 36. 
Locations 4058-405B contain 12 43 00 62. 
Locations 405C-405F contain 73 26 12 57. 


TEST UNDER MASK (TM) 


The TEST UNDER MASK instruction examines 
selected bits of a byte and sets’ the 
condition code accordingly. For example, 
assume that: 


Storage location 9999 contains FB. 
Register 7 contains 00 00 99 90. 


Execution of the instruction: 
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Machine Format 


Op Code Ia Ba Ds 


SS 7 
| 91 (| c3 | 7 I 0094 
Bee ee 


Assembler Format 


Op Code 


Da (B41) -lo 


Ty 9(7) ,B'11000011° 





produces the following result: 


FB = 1111 1011 {2} 
= 1100 0011 {2} 


Result = 11xx xx11 {2} 


Condition code 3 is set: all selected bits 


are ones. 


If location 9999 had 
result would have been: 


contained B9, the 


B9 = 1011 1001 {2} 
= 1100 0011 {2} 


Result = 10xx xx01 {2} 


Condition code 1is set: the selected bits 


are both zeros and ones. 


If location 9999 had 
result would have been: 


contained 3C, the 


= 0011 1100 {2} 
Mask = 1100 0011 {2} 


Result = OOxx xx00 {2} 
Condition code 0 is set: all selected bits 
are zeros. 

remains 


Note: Storage location 9999 


unchanged. 


TRANSLATE (TR) 


instruction can be used to 
translate data from any character code to 
any other desired code, provided that each 
coded character consists of eight bits or 
fewer. In the following example, EBCDIC is 
translated to ASCII. The first step is to 
create a 256-byte table in storage 
locations 1000-10FF. This table contains 
the characters of the target code in the 
sequence of the binary representation of 
the source code; that is, the ASCII 
representation of a character is placed in 
storage at the starting address of the 
table plus the binary value of the EBCDIC 
representation of the same character. For 


The TRANSLATE 
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Simplicity, the example shows only the part 
of the table containing the decimal digits: ) 


Translate Table for Decimal Digits: 
10F0 10F9 
| eee eee meee, eee ee eee eee ee eee eee | 
130 131] 32}33] 34) 351[36 [37] 38] 39] 
a 
Assume that the four-byte 


location 2100 contains the 
the digits 1984: 


field at storage 
EBCDIC code for 


Locations 2100-2103 contain F1 FSI FS F&, 
Register 12 contains 00 00 21 00. 
Register 15 contains 00 00 10 OO. 

As the instruction: 


Machine Format 


Op Code L By Da Bo Da 
| aE aa eas Tees a cary 
{ pc | 03 | C | 000] F JI OOO] 


[ee ee ee a ee a | 


Assembler Format 


Op Code 0Dq(L,Ba) ,-Da (82) 

TR 0(4,12) ,0(15) 
is executed, the binary value of each J 
source byte is addei to the starting 
address of the table, andthe resulting 
address is used to fetch a target byte: 
Table starting address: 1000 
First source byte: F1 
Address of target byte: 10F1 


After execution of the instruction: 
Locations 2100-2103 contain 31 39 38 34. 


Thus, the ASCII code for the digits 1984 
has replaced the EBCDIC code in the 
four-byte field at storage location 2100. 


TRANSLATE AND TEST (TRT) 


The TRANSLATE AND TEST instruction can be 
used to scan a data field for characters 
With a special meaning. To indicate which 
characters have a special meaning, a table 
Similar to the one used for the TRANSLATE 
instruction is set up, except that zeros in 
the table indicate characters without any 
special meaning and nonzero values indicate 
characters with a special meaning. P 


The figure "Translate-and-Test Table" that 


follows has been set up to distinguish 


alphameric characters (A to Z and 0 to 9) invalid. EBCDIC coding is assumed. The 
from blanks, certain special symbols, and 256-byte table is assumed stored at 
all other characters which are considered locations 2000-20FF. 
0 12 3 464 5 6 7 8 9 A B C D £E F 
i ee ee es ee ee, ee ee ee ee ee eee ee ee | 
200 [4O[ 40, 4O (40 4O[ 40, 4O GO HO sO, 4O HO 40, 4O 40] ao] 
-—t—_+—_+_+—__+—__++—__++_+--++--_+_+_+—__ +--+ +—XH 
201 [4O{4O| 40,40] 401 40,40] FO, HO; 40 4O[4O 40 [40440] 4O| 
t—+- 
202 1401401401401 40(40][40| 40] 40( 40/40, 40/40 1/401 40] 40 
-—_+—_+—_-+-_+_1++__+-_+—_+_++-_-+—__+___+-—__ + +-_ +H 
203 _ (40(40/40(40( 40] 40, 40/40] 40,40 [40 (40(40[ 40 (401 40| 
+—+-—-+—__++—_++—__-+-__+-_-+-_-+--+-_+_ +"—-+—_+--+-—_+—H1 
204 ([041(40/40( 401 40/40( 401401 401 40{ 40/08, 40] 0C] 10| 40, 
-—+—__+—__+—__—__+-_+_ + +_+__++-_ +__+"—_+-——-+—_-+—XH1 
205 _(14/40/(40O([4O,{40([401[ 40], 40/40, 401 40(18| 1c] 20 [40] 40| 
t—+—_+—__+_+-__+—_+--_+_+-—_+-—_+_++_+—_ +--+ +H] 
206 12"1|28(40(40(40/401[40] 40( 40/40, 401 2c] 40140140] 40 
+—+—_+—__+—_+—__+-_+—_+-_--+-_+-_-+—_ + _+—_"_+-_ +--+ + 
207_140140(40|40,40(40140140|40( 40] 40(30] 34 [38 | 3c] 40| 
-—_+—__+—__+-—_+—_-++--+-_+-—-_+-_-_+_ +_+"_4-—_++-—-_-+-_- +H 
208 _ [4O[4O/ 40; 40/40, 40140] 40] 40, 40] 40, 40/40, 401 40] 40] 
+——_+—_+—__-+_+_+-—_+-_+-_-+_ +--+ +—_+_+—_+-—_-+-_ +H 
209 ([4O[ SOLFO HO SO sO; sO HOT 4O, 4O|4O(4O] 40,40] 40] 40] 
SER Saeed SERRE SRS ARMS RecA Sensi’ Seca Sater Sate —+——_+—_ ++ 
20A_(40] 401] 40( 401 40[ 40( 40] 40, 40/40 (40 (40 40 [40] 40] VO] 
SS See 
20B_ 1401401 40( 40140140140] 40,401,401 40140140140 140] 40] 
+—_+-—_+—__+_+__ +_+_+-_-+_-_+_+_-_+_+-_ + +_ +" 
20C_(40] 00] 00100] 00/(00/00(00]00100|40/40] 40140 [40] 40| 
-—+-—_+—__+__-+_—-+-_ -_+-—_+--+-_ +--+ —__+—_++_—__+-_ +--+ HI 
20D_140| 001 004 OO] 00{| 001004004 00]/00| 401,40], 40, 40 440] 40] 
+——_+—_+—_+—_+—__+—__+—_+-—_+-_+--+_+_+—++--+--_ +H 
29E_ | 40[ 40/00 00] 00) 00/00/00 [00[ 00/80 [40,40 /4O 40] LO 


-—4+_+ _+_4+_4-4-_4--4. ++ ++ _4+-_+-+- + 4 
20F_(00190/00[00! 001 00[ 00] 00/00]/ 00/40 140/401, 40149] 4O| 
oe ee ee a ae Aen See! | 


Note: If the character codes inthe statement being 
translated occupy a range smaller than 00 through 
FF {16}, a table of fewer than 256 bytes can be used. 


Translate and Test Table 
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The table entries for the alphameric 
characters in EBCDIC are 00; thus, the 
letter A (code C1) corresponds to _ byte 


location 20C1, which contains 00. 


The 15 special symbols have nonzero entries 
from 04{16}3} to 3C{16} in increments of 4. 
Thus, the blank (code 40) has the entry 
04 {16}, the period (code 4B) has the entry 
08{163, and so on. 


All other table positions have the entry 
40{16} to indicate an invalid character. 


The table 
may be used 


entries are chosen so that they 

to select one of a list of 16 
words containing addresses of different 
routines to be entered for each special 
symbol or invalid character encountered 
during the scan. 


Assume that this list of 16 branch 
addresses is stored at locations 3004-3043. 


Starting at storage location CA80, there is 
the following sequence of 21{10} EBCDIC 
characters: 


Locations CA80-CA94: UNPKDPROUT(9) ,WORD(5) 
Also assume: 

Register 1 contains 00 00 CA 7F. 

Register 2 contains 00 00 30 OO. 

Register 15 contains 00 00 20 00. 

As the instructions: 


Machine Format 


Op Code L Bs. “Dy ~“Ba Ds 
c.-, e . eee: memes | 
| DD 1 14 | 14] OO1f F [ O00] 


LL) 


Assembler Format 


Op Code Da (L,Bsa),Doa (Ba) 

TRI 1(21,1),0(15) 
is executed, the value of the first 
argument byte, the letter U, is added to 
the starting address of the table to 
produce the address of the table entry to 
be examined: 
Table starting address 2000 
First argument byte (U) EY 
Address of table entry 20E4 
Because zeros were placed in storage 
location 20E4, no special action occurs. 


The operation continues with the second and 
subsequent argument bytes until it reaches 
the blank in location CA84. When this 
symbol is reached, its value is added to 
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the starting address of the table, as 
usual: 

Table starting address 2000 

Argument byte (blank) 40 

Address of table entry 2040 


location 2040 contains a 
the following actions occur: 


Because 
value, 


non zero 


1. The address of the 
OOCA84, is placed in 
bits of register 1. 


argument byte, 
the rightmost 24 


2. The table entry, O4, is placed in the 
rightmost eight bits of register 2, 
which now contains 00 00 30 O4. 

set not 


3. Condition code 1 is 


completed). 


(scan 


AND TEST instruction 
instructions to branch 
the address found at location 
3004, which corresponds’ to the blank 
character encountered in the scan. When 
this routine is completed, program control 
may return to the TRANSLATE AND TEST 
instruction to continue the scan, except 
that the length must first be adjusted for 
the characters already scanned. 


The TRANSLATE 
followed by 
routine at 


may be 
to the 


For this purpose, the TRANSLATE AND TEST 
may be executed by the use of an EXECUTE 
instruction, which supplies the length 
specification from a general register. [In 
this way, a complete statement scan can be 
performed with a Single TRANSLATE AND TEST 
instruction repeated over and over by means 
of EXECUTE, and without modifying any 
instructions in storage. In the example, 
after the first execution of TRANSLATE AND 
TEST, register 1 contains the address of 
the last argument byte translated. It is 
then a simple matter to subtract this 
address from the address of the last 
argument byte (CA94) to produce a_ length 
specification. This length minus one is 
placed in the register that is referenced 
as the R1 field of the EXECUTE instruction. 
(Note that the length code in the machine 
format is one less than the total number of 


bytes in the field.) The second-operand 
address of the EXECUTE instruction points 
to the TRANSLATE AND TEST instruction, 
which is the same as illustrated above, 
except for the length (L) which is set to 
zero. 

UNPACK (UNPK) 

Assune that storage locations 2501-2502 
contain a Signed, packed-decimal number 


and placed in 
Also assume: 


that is to be unpacked 
storage locations 1000-1004. 


J 


Register 12 contains 00 00 10 OO. 

Reqister 13 contains 00 00 25 OO. 

Storage locations 2501-2502 contain 12 3D. 

The initial contents of storage locations 
1000-1004 are not Significant. 


After the instruction: 
Machine Format 

Op Code Ly Lo Ba Da Ba Do 
ae: aire Canis Mein aie 


2s iene mance | 
i F3 | 4} Tt ce | OOO} D { OOTI 
a a a a a a 





Assembler Format 








Op Code Da (L4,Ba) -Da (La,Ba) 
UNPK 0(5,12),1(2,13) 


is executed, the storage locations 


1000-1004 contain FO FO F1 F2 D3. 


DECIMAL INSTRUCTIONS 


(See Chapter 8.) 


ADD DECIMAL (AP) 


Assume that the Signed, packed-decinal 
number at storage locations 500-503 is to 
be added to the signed, packed-decinal 
number at locations 2000-2002. Also 
assume: 


Register 12 contains 00 00 20 OO. 

Register 13 contains 00 00 05 OO. 

Storage locations 2000-2002 contain 38 46 
OD (a negative number). 

Storage locations 500-503 contain 01 12 34 
5C (a positive number). 


After the instruction: 

Machine Format 

Op Code Ly La Ba Dy Ba Da 
ee ee ee ee ee Ee ee 
| FA 1 2{ 3 f c | OOO| D |{ OOO] 
a es es Nee ee nee ne, meee 
Assembler Format 
Op Code Dy (La ,-Ba) -Da (L2a,Boa) 


AD 0 (3,12) ,0(4,13) 





is executed, the storage locations 
2000-2002 contain 73 88 5C; condition code 
2 is set to indicate that the sun is 


positive. Note that: 
1. Because the two numbers had different 
signs, they were in effect subtracted. 


2. Although the second operand is longer 
than the first operand, no overflow 
interruption occurs because the result 
can be entirely contained within the 
first operand. 


COMPARE DECIMAL (CP) 


Assume that the signed, packed-decimal 
contents of storage locations 700-7023 are 
to be algebraically compared with the 
signed, packed-decimnal contents of 
locations 500-502. Also assume: 


Register 12 contains 00 00 06 00. 

Register 13 contains 00 00 03 OO. 

Storage locations 700-703 contain 17 25 35 
6D. 

Storage 
2D. 


locations 500-502 contain 72 14 


After the instruction: 

Machine Format 

Op Code Ls La Bs De Bo Da 

| ia i hee Raa aan ere mas peca ea | 


| F9 i 3 | 24 C¢ | 100) D { 200 
en es Se 


Assembler Format 


Op Code 


“ee ser 


Da (L4,Ba) -Da (L2,Ba) 

CP x'100'(4,12),X*200* (3,13) 

is executed, condition code 1 is set, 
indicating that the first operand (the 


contents of locations 700-703) is less than 
the second. 


DIVIDE DECIMAL (DP) 


Assume that the 
number at storage 


signed, packed-decimal 
locations 2000-2004 (the 
dividend) is to be divided by the signed, 
packed-decimal number at locations 
3000-3001 (the divisor). Also assume: 


Register 12 contains 00 00 20 O00. 

Register 13 contains 00 00 30 00. 

Storage locations 2000-2004 contain 01 23 
45 67 8C. 

Storage locations 3000-3001 contain 32 1D. 


After the instruction: 
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Machine Format 


Op Code La La Ba Tq Bo Do 
i: eS EE Te: Rs Denna eee rasa | 
| FD | 4 | 141 ¢€ | OCOOT D {| O00] 
[ee ee ee ee ee a a | 


Assembler Format 


Op Code Dg, (14,Ba) ,Da (la,Boa) 


EY PEE LE I LTE MES RES SERS TD 


DP 0(5,12),0(2,13) 


is executed, the dividend is entirely 
replaced by the Signed quotient and 
remainder, as follows: 


2000 2004 
ST tr 
| 38,46] 0D{O1[8C| 
as en oe oe Se 


quotient | remainder 
I 


Locations 2000—2004 


1. Because the dividend and divisor have 
different signs, the quotient receives 
a negative sigqn. 


2. The remainder receives the sign of the 
dividend and the length of the 
divisor. 


3. If an attempt were made to divide the 
dividend by the one-byte field at 
location 3001, the quotient would be 
too long to fit within the four bytes 
allotted ‘+to it. A decimal-divide 
exception would exist, causing a 
program interruption. 


EDIT (ED) 


Before decimal data in the packed format 
can be used in a printed report, digits and 
Signs must be converted to printable 
characters. Moreover, punctuation marks, 
such as commas and decimal points, nay have 
to be inserted in appropriate places. The 
highly flexible EDIT instruction performs 
these functions in a single instruction 
execution. 


This example shows step-by-step one way 
that the EDIT instruction can be used. The 
field to be edited (the source) is four 
bytes long; it is edited against a pattern 
13 bytes long. The following symbols are 
used: 
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SSS ey 
{ Symbol | Meaning { 


ree Seer neeeael seer : 
{b (Hexadecimal 40) |Blank character | 
[( (Hexadecimal 21)(Significance starter | 


{ad (Hexadecimal 20) [Digit selector | 
| ede ae ae eee ence! (re ee ee ee ee eee 


Assume that the source and pattern fields 


are: 
source 
1200 1203 
—esooos 
102, 57,42] 6c 
[Saal Cee eee Beene 
A 
| 
LL + 
Pattern 
1000 100C 


ee el OE, Ge, ee RE Ee GORE sae Maen aeons eee oni 
{40 [ 20] 20] 6B 20{21{20[/ 4B] 20{ 20, 40(C3/D9| 
hh a 


bd@d=,da<(d.ddb ec R 


Execution of the instruction (assume that 
register 12 contains 00 00 10 00): 


Wachine Format 


Op Code L Ba Da Ba Da J 


See ee Se ne 
| DE {1 oc | cy OOOT Cc | 200 
i Ed 
Assembler Format 
Op Code D4 (L,Ba) ,Da (Ba) 
ED 0(13,12) ,X'200* (12) 


alters the pattern field as follows: 


PS oe ee ee a ee 





oe tae ee es ee ge Oe 


| I | Significance | | | 
{ | [ Indicator { { Location [ 
| Pattern | Digit | (Before/After) | Rule | 1000—100C | 
a Seine SS 
| b | | off/foff | leave(1) | bdd,d(d.ddbcCR | 
| d | 0 | off/off | fill | bbd,d(d.ddbcCR | 
| d [ 2 | off/on (2) | digit | bb2,d(d.ddbcCR | 
| FA | | on/on | leave | same | 
| d | 5 | on/on | digit | bb2,5(d.ddbcCR | 
| ( | 7 | on/on | digit | bb2,57d.ddbCR | 
| d | 4 | on/on | digit | bb2,574.ddbcCR | 
| A | | on/on | leave | same | 
| d | 2 | on/on | digit 1 bb2,574.2dbCR | 
| d [ 6+ | on/off (3) | digit | bb2,574.26bCR | 
| b | | off/off | f111 | same [ 
{ C | | off/foff | fill | bb2,574.26bbR | 
[ R | [ off/foff | f1i11 | bb2,574.26bbb | 
Di 
Notes: 


a, 
e 


This character is the fill byte. 


2. First nonzero decimal source digit turns on Significance 
indicator. 
3. Plus sign in the four rightmost bits of the byte turns 
off significance indicator. 
is ee i ee a ee ed 
Thus, after the instruction is executed, The significance starter forces the 
the pattern field contains the result as Significance indicator to the on state and 
follows: hence causes the decimal point to be 
preserved. Because the minus-sign code has 
Dattern no effect on the significance indicator, 
the characters CR are printed to show a 
1000 100C negative (credit) amount. 


oo aot et 
[4O(4O | F2Z(6B/ FS[F7(F4Y(4B/ F2/F6 (40 (40 (40| 
OR hs 


bb2s, 5 7 4 . 2 6 b b b 


When printed, the new pattern field appears 
as: 


2,574.26 
The source field remains unchanged. 


Condition code 2 is set because the number 
was greater than zero. 


If the number in the source field is 
changed to 00 00 02 6D, a negative number, 
and the original pattern is used, the 
edited result this time is: 

Pattern 

1000 100C 


I Ce i ee eee ee ee ees ee ee ps es ee | 
140; 4O0(40(40|40]|40| FOL 4YBI F2Z/F6/40[C3[D9I| 
es es es a a ee ee co a Se Ve Se Se 

b b b bp bb OO . 206m6hhUwDhMUMUCCOR 
This pattern field prints as: 
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Condition code less than 


Zero). 


1 is set (number 


EDIT AND MARK (EDMK) 


The EDIT AND MARK instruction may be used, 
in addition to the functions of EDIT, to 
insert a currency symbol, such as a dollar 
Sign, at the appropriate position in the 
edited result. Assume the same source in 
storage locations 1200-1203, the sane 
pattern in locations 1000-100C, and_ the 
same contents of general register 12 as for 
the EDIT instruction above. The previous 
contents of general register 1 are 
immaterial; a LOAD ADDRESS instruction is 
used to set up the first digit position 
that is forced to print if no significant 
digits occur to the left. 


The instructions: 


LA 1,6(0,12) Load address of 
forced significant 
digit into GR1. 

Leave address of 


first significant 


EDMK 0(13,12) ,X'200' (12) 
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digit in GR1. 
Subtract 1 from 
address in GR1. 


BCTR 1,0 


MVI 0O(1),c'$! Store dollar sign 
and address in 
GR1. 

produce the following results for the two 

examples under EDIT: 

Pattern 

1000 100C 


(a ee eae Ae aC, OE Smee Ga meee aes Gane cae a 
[|4O|/5B|F2|6B| FS} F7{F4][ 4B(F2/F6{40/ 40] 40] 
aes eee ees Sees eens ere tee eke Oe Cae eee De Nea 
b € 2 , 5 7 4 ~ 2 6 b bd b 
This pattern field prints as: 
$2,574.26 


Condition code 2 is set to indicate that 
the number edited was areater than zero. 


Pattern 


1000 100C 


er rs i ee ee Re ee ee eee ees ee ee ee | 
[4O0|4O([40[ 40/40] 5B] FOU 4B([F2|F6(40$C3ID9| 
en oe ee on ae oe en oe a an ee i See | 

b b b b bb $ OO . 2 6 b C R 
This pattern field prints as: 

$0.26 CR 

Condition code 1is set because the number 
is less than zero. 


MULTIPLY DECIMAL (MP) 


Assume that the Sioned, vacked-decinal 
number in storage locations 1202-1204 (the 
miltiplicand) is to be multiplied by the 
Signed, packed-decimal number in locations 
500-501 (the multiplier). 


1202 1204 


a 
Multiplicand [{38|46|0D| 
| a es Sree 


500 501 


Sr aaa | 
| 32|1D1 


LL. 


Multiplier 


Because the multiplier and multiplicand 


have a total of eight Significant digits, 
at least five bytes must be reserved for 
the signed result. ZERO AND ADD can be 


used to move the multiplicand into a longer 
field. Assure: 


Register 4 contains 900 00 12 00. 
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Register 6 contains 00 00 05 OO. 
Then execution of the instruction: 
ZAP X'100'(5,4) ,2 (3,4) 


sets up a new multiplicand in 
locations 1300-1304: 


storage 


1300 1304 


i re a eee me | 
Multiplicand(new) |00/00'38[ 46] OD| 
(Lon Sonam eee! 


—_—_i_ J 

Now, after the instruction: 
Machine Format 
Op Code la Lo Ba Dy Bo Do 

et 
| FC i 4t 1t 4 | 100] 6 { O00F 
Assembler Format 
Op Code Dg (L4,Ba) ,D2 (La,Ba) 

MP xX'100'(5,4) ,0 (2,6) 


is executed, storage locations 1300-1304 
contain the product: 01 23 45 66 OC. 


SHIFT AND ROUND DECIMAL (SRP) 


The SHIFT AND ROUND DECIMAL (SRP) 
instruction can be used for shifting 
decimal numbers in storage to the left or 
right. When anumber is shifted right, 
rounding can also be done. 

Decimal Left Shift 

In this example, the contents of storage 


location FIELD1 are shifted three places to 
the left, effectively multiplying the 
contents of FIELD1 by 1000. FIELD1 is six 
bytes long. The following instruction 
performs the operation: 


Machine Format 

Op Code Le Ia Sa Bo Da 
CS ___ OS NS ee ee ae Se 
| FO | 5 | QO | ***x| 0 | 003] 
a) 
Assembler Format 
Op Code Sa (La) 252 vis 


SRP FIELD1(6) ,3,0 


2 


FIELD1 (before): 00 01 23 45 67 8C 


FIELD1 (after): 12 34 56 78 00 0C 

The second-operand address in this 
instruction specifies the shift amount 
(three places). The rounding factor, 13, 
is not used in left shift, but it must be a 
valid decimal digit. After execution, 
condition code 2 is set to show that the 
result is greater than zero. 


Decimal Right Shift 


In this example, the contents of 
location FIELD2 are shifted one place to 
the right, effectively dividing the 
contents of FIELD2 by 10 and discarding the 
remainder. FIELD2 is five bytes in length. 
The following instruction performs this 


operation: 


storage 


Machine Format 


Op Code La Is S4 Bs Da 








ao ot —~—- Tt 1 
| FO | q {| QO | ***x | 0 |O03F | 
a a eee! oak eae, oh ee ees 
r— | 
i 
4 
00111111 
Go 


| 

| 
6-—bit two's 
conplement 
for —1 


Assembler Format 


Op Code Sa (La) -S2,I13 


SRP FIFLD2(5),64—1,0 


FIELD 2 (before): 01 23 45 67 8C 


FIELD 2 (after): 00 12 34 56 7C 

In the SRP instruction, shifts to the right 
are specified in the second-operand address 
by negative shift values, which are 
represented aS a six-bit value in two's 
complement forn. 

The six-bit two's complement of a number, 
n, can be specified as 64 - n. In this 
example, a right shift of one is 
represented as 64 - 1. 


Condition code 2 is set. 


Decimal Right Shift and Round 


In this example, the contents of storage 
location FIELD3 are shifted three places to 
the right and rounded, effectively dividing 
by 1000 and rounding to the nearest whole 
number. FIELD3 is four bytes in length. 


Machine Format 
Op Code I, Ts S; By. De 


—— OO OO OOo eee eee eee oo 
| FO | 3 | 5 | eeReK] 0 |03D | 
(ee es 
rc | 
i 1 


ti 


co4 
00111101 
ne 
| 


| 
6—bit two's 


complement 
for —3 
Assembler Format 
Op Code Sq (L4) -5a,I3 
SRP FIELD3 (4) ,64—-3,5 
FIELD 3 (before): 12 39 60 OD 
FIELD 3 (after): 00 01 24 OD 
The shift amount (three places) is 
specified in the Dz field. The I, field 


specifies the rounding factor of 5. The 
rounding factor is added to the last digit 
shifted out (which is a 6), and the carry 
is propagated to the left. The sign is 
ignored during the addition. 

Condition code 1 is set because the result 
is less than zero. 


Multiplying by a Variable Power of 10 


Since the shift value designated by the SRP 
instruction specifies both the direction 
and amount of che snift, the operation is 
equivalent to multiplying the decimal first 
operand by 10 raiSed to the power specified 
by the shift value. 


If the shift value is variable, it may be 
specified by the Bj field instead of the 
displacement Dz of the SRP instruction. 


The general register designated by Bs 
should contain the shift value (power of 
10) as a signed binary integer. 


A fixed scale factor modifying the variable 


Appendix A. Number Representation and Iastruction-Use Examples A-33 


power of 10 may be specified by using both 
the Bg field (variable part in a general 
register) and the Ds field (fixed part in 
the displacement). 


The SRP instruction uses only the rightmost 
Six bits of the effective address Dsz(Boa) 
and interprets them aS a six-bit Signed 
binary integer to control the left or right 
shift as in the previous two examples. 


ZERO AND ADD (ZAP) 


ASsume that the Signed, packed-decinal 
number at storage locations 4500-4502 is to 


be moved to locations 4000-4004 with four 
leading zeros in the result field. Also 
assume: 


Register 9 contains 00 00 40 OO. 

Storage locations 4000-4004 contain 12 34 
56 78 90. 

Storage locations 4500-4502 
OD. 


contain 38 46 


After the instruction: 
Machine Format 


Op Code Ly Lo By Dy Ba Do 
meas mamas Maire? —T 
| F8 | 44 2 9 | OOOJ 9 [| 500] 
a a a a ne nn Same | 








Assembler Format 


Op Code D4 (La,B1),D2(L2,Ba) 





ZAP =: 0. (5, 9) , X"500* (3,9) 


is executed, the storage locations 
4000-4004 contain 00 00 38 46 OD; condition 
code 1 is set to indicate a negative 
result. 


Note that, because the first operand is not 
checked for valid sign and digit codes, it 
May contain any combination of hexadecimal 
digits before the operation. 


FLOATING-POINT INSTRUCTIONS 


(See Chapter 9.) 


In this section, the abbreviations FPRO, 
FPR2, FPRG, and FPR6 stand for 
floating-point registers 0, 2, 4, and 6 
respectively. 
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Op Code 


ADD NORMALIZED (AD, ADR, AE, AER, AXR) 


The ADD NORMALIZED instructions perform the 
addition of two floating-point numbers and 
place the normalized result in a 
floating-point register. Neither of the 
two numbers to be added must necessarily be 


normalized before addition occurs. For 
example, assume that: 
FPR6 contains C3 08 21 00 00 00 00 00 = 


-82.1{16} = -130.06{10} approximately 
(unnormalized). 

Storage locations 2000-2007 contain 41 12 
34 56 00 00 00 00 = +1.23456{16} = 
#1.14{10} (normalized). 

Register 13 contains 00 00 20 O00. 

The instruction: 
Machine Format 


Op Code Ry Xs Bo Do 


Assembler Format 
Ra Da (Xo ,Ba) 
AE 6,0(0,13) 


performs the short-precision addition of 


the two operands, as follows. 


The characteristics of the two numbers (43 


and 41) are compared. Since the number in 
storage has a characteristic that is 
smaller by 2, it is right-shifted two 
hexadecimal digit positions. The two 
humbers are then added: 

GD1 
FPR6: -43 08 21 00 


Shifted no. from storage: +43 00 12 34 5 


Intermediate sum: -43 08 OF CBB 
1 Guard digit 


Because the intermediate sun is 
unnormalized, it is left-shifted to form 
the normalized floating-point number -42 80 
EC BB = -80.ECBB{16} = -128.92. Combining 
the sign with the characteristic, the 
result is C2 80 EC BB, which replaces the 
left half of FPR6. The right half of FPR6 
and the contents of storage locations 
2000-2007 are unchanged. Condition code 1 
is set to indicate a negative result. 


If the t1ong-precision instruction AD is 
used, the result in FPR6 is C2 80 EC BA AO 
00 OO O00. Note that the lonq-precision 


instruction avoids a loss of precision in 


this example. 


ADD UNNORMALIZED (AU, AUR, AW, AWR) 


The ADD UNNORMALIZED instructions operate 
identically to the ADD NORMALIZED 
instructions, except that the final result 
is not normalized. For example, using the 
the same operands as in the example for ADD 
NORMALIZED, when the short-precision 
instruction: 


Machine Format 


Op Code Ry Xo Ba D2 
SS er ss 
| TE i 61 OF D | OOOd{ 
a a a See eee 





Assembler Format 
Op Code R4,Da(X2,Ba) 


AU 6,0(0,13) 


is executed, the two numbers are added as 
follows: 

GD! 
FOR6: -43 08 21 00 


Shifted no. from storage: +43 00 12 34 5 


Sum: -43 08 OE CB B 
1 Guard digit 
participates in the 


discarded. The 
left half of 


The guard digit 
addition but is 
unnormalized sum replaces the 


FPR6. Condition code 1 is set because the 
result is negative. 

The result in FPR6 (C3 08 OE CB 00 00 00 
00) shows a loss of a Significant digit 
when compared to the result of 


short-precision normalized addition. 


COMPARE (CD, CDR, CE, CER) 


Assume that FPR4 contains 43 00 00 00 00 00 
00 00 (=0), and FPR6 contains 34 12 34 56 
78 9A BC DE (a positive number). The 
contents of the two registers are to be 
compared using a long-precision COMPARE 
instruction. 


Machine Format 


Op Code Ra Ro 


Assembler Format 


Op Code R,,Ra 

CDR 4,6 
The number with the smaller characteristic, 
which is the one in register FPR6, is 
right-shifted 15 hexadecimal digit 
positions so that the two characteristics 
agree. The shifted contents of FPR6 are 43 


00 00 00 00 00 00 00, with a guard digit of 
zero. Therefore, when the two numbers are 
compared, condition code 0 is set, 
indicating an equality. 


As the above example implies, when 
floating-point numbers are compared, more 


than two numbers may compare equal if one 
of the numbers is unnormalized. For 
example, the unnormalized floating-point 
number 41 00 12 34 56 78 9A BC compares 


equal to all numbers of the form 3F 12 34 
56 78 OA BC OX (xX represents any 
hexadecimal digit). When the COMPARE 


instruction is executed, the two rightmost 
digits are shifted right two places, the 0 
becomes the guard digit, and the X does not 
participate in the comparison. 


However, when two normalized floating-point 
numbers are compared, the relationship 
between numbers’ that compare equal is 
unigue: each digit in one number nust be 
identical to the corresponding digit in the 
other number. 


FLOATING~POINT-NUMBER CONVERSION 


The following examples illustrate one 
method of converting between binary 
fixed-point numbers (32-bit signed binary 
integers) and normalized floating-point 
humbers. Conversion must provide for the 
different representations used with 
negative numbers: the two's-complement 
form for signed binary integers, and the 


Signed-absolute-value form for the 
fractions of floating-point numbers. 


Fixed Point to Floating Point 


The method used here inverts’ the leftmost 
bit of the signed binary integer which, 
after appending additional zero bits on the 
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left as necessary, iS equivalent to adding 
231 to the number. This changes it from a 
Signed integer in the range 231 - 1 through 
-231 to an unsigned integer in the range 
232 - 1 through 0. After conversion to the 
long floating-point format, the value 231 
is subtracted again. 


Assume that general register 9 (GR9) 
contains the integer -59 in 
two's-complement form: 


GRY FF FF FF C5 
assume two 


Further, €ight-byte fields in 


storage: TEMP, for use as temporary 
storage, and TWO31, which contains the 
floating-point constant 231 in the 


following format: 


TWO31 4E 00 00 00 80 00 00 00 

This is an unnormalized long floating-point 
number with the characteristic 4E, which 
corresponds to a radix point to the right 
of the number. 


The following instruction sequence performs 
the conversion: 


Result 
X 9,TWO31+4 GRO: 

7F FF FF C5 
ST 9,TEMP+4 TEMP: 

-- -- -- -- 7F FF FF C5 
MVC TEMP (4),TWO31 TEMP: 

4E 00 00 00 7F FF FF C5 
LD 2,TEMP FPR2: 

4E 00 00 00 7F FF FF C5 
SD 2,TWO31 FPR2: 


C2 3B 00 00 00 00 00 00 


The EXCLUSIVE OR (X) instruction inverts 
the leftmost bit in general register 9, 
using the right half of the constant as the 


source for a leftmost one bit. The next 
two instructions assemble the modified 
number in an unnormalized long 


floating-point format, using the left half 
of the constant as the plus sign, the 
characteristic, and the leading zeros of 
the fraction. LOAD (LD) places the number 
unchanged in floating-point register 2. 
The SUBTRACT NORMALIZED (SD) instruction 
performs the final two steps by subtracting 
231 in floating-point form and normalizing 
the result. 


Floating Point to Fixed Point 


The procedure described here consists 
basically in reversing the steps of the 
previous procedure. Two additional 


considerations must be taken into account. 
First: the floating-point number may not 
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be an exact integer. Truncating the excess 
hexadecimal digits on the right requires 
shifting the number one digit position 
farther to the right than desired for the 
final result, so that the units digit 
occupies the position of the guard digit 
Second: the floating-point number may have 
to be tested as to whether it is outside 
the range of numbers representable as a 
Signed binary integer. 


Assume that floating-point register 6 
contains the number 59.25{10} = 3B.4{16} in 
normalized form: 


FPR6 42 3B 40 00 00 00 00 00 


Further, assume three eight-byte fields in 
storage: TEMP, for use as temporary 
storage, and the constants 232 (TWO32) and 
231 (TWO31R) in the following formats: 


TWO32 4E 00 00 01 00 00 00 O00 
TWO31R UF 00 00 00 08 00 00 O00 
The constant TWO31R is shifted right one 
more poSition than the constant TWO31 of 


the previous example, so as to force the 
units digit into the guard-digit position. 


The following instruction sequence performs 
the integer truncation, range tests, and 
conversion to a Signed binary integer in 
general register 8 (GR8): 


Result 

FPR6: 

C8 7F FF FF C5 00 00 O00 

Branch to overflow 
routine if result 
non—negative 

FPR6: 

4E 00 00 00 80 00 00 3B 

Branch to overflow 
routine if result 
negative 

TEMP: 

4E 00 00 00 80 00 O00 3B 

TEMP: 

4E 00 00 00 00 00 O00 3B 

L 8, TEMP +4 GR8: 

00 00 00 3B 


SD 6,TWO31R 


BC 11,OVERFLOW 


AW 6,TWO32 


BC 4,OVERFLOW 


STD 6,TEMP 


XI TEMP+4,X'80! 


The SUBTRACT NORMALIZED (SD) instruction 
shifts the fraction of the number’ to the 
right until it lines up with TWO31R, which 
causes the fraction digit 4 to fall to the 
right of the guard digit and be lost; the 
result of subtracting 231 from the 
remaining digits is renormalized. The 
result should be negative; if not, the 
original number was too large in the 
positive direction. The first BRANCH ON 
CONDITION (BC) performs this test. 


The ADD UNNORMALIZED (AW) instruction adds 
232; 231 to correct for the previous 
subtraction and another 231 to change to an 


all-positive range. The second BC tests 
for a negative result, showing that the 
number was too large in the negative 
direction. The unnormalized result is 
placed in temporary storage by the STORE 
(STD) instruction. There the leftmost bit 
of the binary integer is inverted by the 
EXCLUSIVE OR (XI) instruction before being 
loaded into GR8. 


MULTI PROGRAMMING AND BULTI PROCESSING 
EXAMPLES 
When two or more programs sharing common 


storage locations are running concurrently 
in a multiprogramming or multiprocessing 
environment, one program may, for example, 
set a flag bit in the common-storage area 
for testing by another program. It should 
be noted that the instructions AND (NI or 
NC), EXCLUSIVE OR (XI or XC), and OR (OI or 
OC) could be used to set flag bits ina 
nultiprogramming environment; but the same 
instructions may cause program logic errors 
in a multiprocessing system where two or 
more CPUs can fetch, modify, and store data 


in the same storage locations 
Simultaneously. 
EXAMPLE OF A PROGRAM FAILURE USING OR 


IMMEDIATE 


Assume that two independent programs try to 
set different bits to one in a common byte 
in storage. The following example shows 
how the use of the instruction OR immediate 
(Ol) can fail to accomplish this, if the 
programs are executed nearly simultaneously 
on two different CPUs. One of the possible 
error Situations is depicted. 








| a es gee ee ae Se el 
| Execution of | Execution of | 
{ instruction instruction | 
| | 
| | 


| 
| | 

OI FLAGS,X'O1* | FLAGS | OI FLAGS,X'80! 
| | 


on CPU A on CPU B 
-————_____ __—__ —_}--—_ —_—_+- SINK 
| 1 x'OO | Fetch | 
| | | FLAGS x'OoOo!t | 
| Fetch ] x'Oo® | | 
| FLAGS x'Ooo® | | | 
| {| x'OO" | OR x'#808 | 
| | | into x'0o? | 
| OR X'O18 | x'oor | | 
| into x'oo! | | | 
| | x'80" |] Store x'80! | 
| | | into FLAGS | 
| Store X01! | x'ot | | 
| | | { 


into FLAGS 
-——________ 4-1 ________ 
| FLAGS should have value of X'81' follow-—| 
| ing both updates. | 
Lea ee ee nS te a | 


The problem shown here is that the value 
stored by the OI instruction executed on 
CPU A overlays the value that was stored by 
CPU B. The X'80" flag bit was erroneously 
turned off, and the date is now invalid. 


has been 
Similar 


AND SWAP instruction 
overcone this and 


The COMPARE 
provided to 
problems. 


COMPARE AND SWAP (CS, CDS) 


The COMPARE AND SWAP (CS) and COMPARE 
DOUBLE AND SWAP (CDS) instructions can be 
used in multiprogramming or multi processing 
environments to serialize access to 
counters, flags, control words, and other 
common storage areas. 


The following examples of the use of the 
COMPARE AND SWAP and COMPARE DOUBLE AND 
SWAP instructions illustrate the 
applications for which the instructions are 
intended. It is important to note’ that 
these are examples of functions that can he 
performed by programs running enabled for 
interruption (mnultiprogramming) or by 
programs that are running on a 
multiprocessing configuration. That is, 
the routine allows a program to modify the 
contents) of a storage location while 
running enabled, even though the routine 
may be interrupted by another program on 
the same CPU that will update the location, 
and even though the possibility exists that 
another CPU may simultaneously update the 
Same location. 


The CS instruction first checks the value 
of a storage location and then modifies it 
only if the value is what the program 
expects; normally this would be a 
previously fetched value. If the value in 
storage is not what the program expects, 
then the location is not modified; instead, 
the current value of the location is loaded 
into a general register, in preparation for 
the program to loop back and try aqain. 
During the execution of CS, no other CPU 
can access the specified location. 


Setting a Single Bit 


The following instruction sequence’ shows 
how the CS instruction can be used to seta 
Single bit in storage to one. Assume that 
FLAGS is the first byte of a word in 
storage called "WORD." 
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Put bit to be ORed 
into GR6 

Shift left 24 places to 
align the byte to be 
ORed with the loca-— 
tion of FLAGS within 
WORD 

Get original flag bit 
values 

Put flags to be modi-—- 
fied into GR8 

Set bit to one in new 
copy of flags 

Store new flags unless 
original flags were 
changed 

If new flags are not 
stored, try again 


LA 6,X*80! 


SLI 6,24 


L 7,WORD 
RETRY LR 8,7 
OR 8,6 


CS 7,8,WORD 


BC 4,RETRY 


The format of the CS instruction is: 
Machine Format 


Op Code Ra Ra S2 


Se 
| BA | 7 | 8 [¥*#*| 
es cakes Seer Smee 


Assembler Format 


Op Code R&,,R3,Sa 
CS 7,8,WORD 
The CS instruction compares the first 


operand (general register 7 containing the 
original flaq values) to the second operand 
(WORD) while storage access to the 
specified location is not permitted to any 
CPU § other than the one executing the CS 
instruction. 


If the comparison is successful, indicating 
that FLAGS still has the same value that it 


originally had, the modified copy in 
general register 8 is stored into FLAGS. 
If FLAGS has changed since it was loaded, 


the compare will not be successful, and the 
current value of FLAGS is loaded into 
general register 7. 


The CS instruction sets condition code 0 to 
indicate a successful compare and swap, and 
condition code 1 to indicate an 
unsuccessful compare and Swap. 


The program executing the sample 
instructions tests the condition code 
following the CS instruction and reexecutes 
the flag-modifying instructions if the CS 
instruction indicated an unsuccessful 
comparison. When the CS instruction is 
successful, the program continues execution 
outside the loop and FLAGS contains valid 
data. 


RETRY will be taken 
program modifies the 


The branch to 
some other 


only if 
update 
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location. This type of a loop differs from 
the typical "bit-spin" loop. In a bit-spin 
loop, the program continues to loop until 
the bit changes. In this example, the 
program continues to loop only if the value 
does change during each iteration. If a 
number of CPUS simultaneously attempt to 
modify a single location by using the 
Sample instruction sequence, one CPU will 
fall through on the first try, another will 
loop once, andso on untilall CPUs have 
succeeded. 


In this example, a 32-bit counter is 
updated by a program using the cs 
instruction to ensure that the counter will 
be correctly updated. The original value 


of the counter is obtained by loading the 
word containing the counter into general 
register 7. This value is moved into 


general register 8 to provide a modifiable 
copy, and general register 6 (containing an 
increment to the counter) is added to the 
modifiable copy to provide the updated 
counter value. The CS instruction is used 
to ensure valid storing of the counter. 


The program updating the counter checks the 
result by examining the condition code. 
The condition code 0 indicates a successful 
update, and the program can proceed. If 
the counter had been changed between’ the 
time that the program loaded its original 
value and the time that it executed the CS 
instruction, the CS instruction would have 
loaded the new counter value into general 
register 7 and set the condition code to 1, 
indicating an unsuccessful update. The 
program then must update the new counter 
value in general register 7 and retry the 
CS instruction, retesting the condition 
code, and retrying until a successful 
update is completed. 


The following instruction sequence performs 
the above procedure: 


LA 6,1 Put increment (1) into 
GR6 
L 7,CNTR Put original counter 


value into GR7 


LOOP LR 8,7 Set up copy in GR8 to 


nodify 

AR 8,6 Increment copy 

CS 7,8,CNTR Update counter in 
storage 


BC 4,LOOP If original value had 


changed, update new 


value 
The following shows two CPUs, A and B, 
executing this instruction sequence 
Simultaneously: both CPUs attempt to add 


one to CNTR. 


> 


cpu B 
GR7 GR8 


Conments 


CPU A loads GR7 
and GR8 from CNTR 
CPU B loads GR7 
and GR8 from CNTR 
17 CPU B adds one to 
GR8 
17 CPU A adds one to 
GR8 
17 CPU A executes CS; 
successful match, 
store 
17 CPU B executes CS; 
no match, GR7 
Changed to CNTR 
value 
18 CPU B loads GR8 
from GR7, adds 
one to GR8 
18 CPU B executes CS; 
successful match, 
store 


16 16 


BYPASSING POST AND WAIT 


BYPASS POST Routine 


The following routine allows the SVC "POST? 
as used in cCS/VS to ke bypassed whenever 
the corresponding WAIT has not yet been 
issued, provided that the supervisor WAIT 
and POST routines use COMPARE AND SWAP to 
manipulate event control blocks (ECBs). 


Initial Conditions: 


GR1 contains the address of the ECB. 
GRO contains the POST code. 


HSPOST L 3,9(1) GR3 = contents of 

ECB 

LTR 3,3 ECB marked 'wait- 
ing!? 

BM PSVC Yes, issue post 
SVC 

cs 3,9,0(1) No, store post 
code 


BE EXITHP Continue 
PSVC POST (1), (0) ECB address is in 
GR1, post code in 
GRO 
EXITHP [Any instruction] 


The following routine may be used in place 
of the previous HSPOST routine if the ECB 
is assumed to contain zeros when it is not 
marked "WAITING." 


HSPOST SR 3,3 
CS 3,0,0(1) 
BE EXITHP 
POST (1), (0) 


EXITHP [Any instruction] 


wo) 
ae) 
|= 
iB 
iE > 
[>> 
Ir 
Ir 
| 


outine 


A BYPASS WAIT function, corresponding to 
the BYPASS POST, does not use the CS 
instruction, but the FIFO LOCK/UNLOCK 
routines which follow assume its use. 


HSWAIT TM 0(1) ,x'4Oot 

BO EXITHW If bit 1iS one, 
then ECB is already 
posted; branch to 
to exit 


WAIT ECB=(1) 


EXITHW fAny instruction] 
LOCK/UNLOCK 
When a common storage area larger thana 


doubleword is to be 
necessary to provide 


updated, it is usually 
special interlocks to 
ensure that a single program ata time 
updates the common area. Such an area is 
called a serially reusable resource (SRR). 

list, or even 


In general, updating a 


scanning a list, cannot be safely 
accomplished without first "freezing" the 
list. However, the COMPARE AND SWAP 
instructions can be used in certain 
restricted situations to perform queuing 
and list manipulation. Of prime importance 
is the capability to perform the 
lock /unlock functions and to provide 


sufficient queuing to resolve contentions, 
either in a LIFO or FIFO manner. The 
lock/unlock functions can then be used as 
the interlock mechanism for updating an SFR 
of any complexity. 


The lock/unlock functions are based on the 
use of a "header" associated with the SRR. 
The header is the common starting point for 
determining the states of the SRR, either 
free or in use, and also is used for 
queuing requests when contentions occur. 
Contentions are resolved using WAIT and 
POST. The general programming technique 
requires that the program that encounters a 


"locked" SRR must "leave a mark on the 
wall" indicating the address of an _ ECB on 
which it will WAIT. The program 


"unlocking" sees the mark and posts’ the 
ECB, thus permitting the waiting program to 
continue. In the two examples given, all 
programs using a particular SRR must’ use 
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either the LIFO queuing scheme or the FIFO 


scheme; the two cannot be mixed. When more 
complex queuing is required, it is 
suggested that the queue for the SRR be 


locked using one of the two methods shown. 


LOCK/UNLOCK with 1IFO Queuing for 
Contentions 

The header consists of a word, which can 
contain zero, a positive value, or a 
negative value. 

e A zero value indicates that the SRR is 
free. 

° A negative value indicates that the 
SRR is in use but no additional 
programs are waiting for the SRR. 

Cae ee Se 
| Action 
SS SS 


Function | Zero |Positive Value 
Soa os 
|LIFO LOCK |SRR is free. ISRR is in use. 


| (the incoming|Set the header 
{element is at|to a negative 
jlocation A) |Ivalue. Use the 
| | SRR. 


Jlocation A+t4. 
{into the header. 
lis at location A. | 


| 

| ace ee 

| |Header Contains|Header Contains|Header Contains| 
| 


e A positive value indicates that the 
SRR is in use andthat one or more 
additional programs are waiting for 
the SRR. Each waiting program is 
identified by an element in a chained 
list. The positive value in the 


header is the address of the element 
most recently added to the list. 


Each element consists of two words. The 
first word is used as an ECB; the second 
word is used as a pointer to the next 


element in the list. A negative value in a 
pointer indicates that the element is the 
last element in the list. The element is 
required only if the program finds the SRR 


locked and desires to be placed in the 
list. 

The following chart describes the action 
taken for LIFO LOCK and LIFO UNLOCK 
routines. 


aca re ea | 


— 


Negative Value | 


ape oN nse eee nese See Re, ee a eee eee | 


Store the | 


|contents of the header into | 
Store address A | 


WAIT; the ECB] 


a 


LIFO UNLOCK Error |Someone is 
|SRR. 


{pointer from 


jelement into 
|jthe header. 
(POST; 


jin" element. 


{the "last in" 


the ECB 
jis in the "last 


{waiting for thelempty. 
Move the 


The list is | 
store { 
zeros into the | 
header. The SRR| 
is free. | 
{ 
| 
[ 
{ 
| 


[| a eh eens | 
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enabled code 
described in the 


routines allow 
actions 


The following 

to perform the 
previous chart. 
LIFO LOCK Routine: 


Initial Conditions: 

GR1 contains the address of the incoming 
element. 

GR2 contains the address of the header. 


LLOCK SR 3,3 GR3 = 0 
ST 3,0(1) Initialize the ECB 
LNR 0,1 GRO = a negative 
value 
TRYAGN CS 3,0,0(2) Set the header toa 
negative value if 
the header contains 
zeros 
BE USE Did the header con- 


tain zeros? 

ST 3,4(1) No, store the value 
of the header into 
the pointer in the 
incoming element 

cs 3,1,0(2) Store the address of 

’ the incoming element 
into the header 


LA 3,090 (0) GR3 = 0 

BNE TRYAGN Did the header get 
updated? 

WAIT ECB=(1) Yes, wait for the 
resource; 


The ECB is in the in- 
coming element 

USE faAny instruction ] 

LIFO UNLOCK Routine: 

Initial Conditions: 


GR2 contains the address of the header. 


LUNLK L 1,0 (2) GR1 = the contents of 
the header 
A LTR 1,1 Does the header con- 
tain a negative 
BM B value? 
L 0,4(1) No, load the pointer 
cs 1,0,0 (2) from the "last in" 
element and store 
it in the header 
BNE A Did the header get 
updated? 
POST (1) Yes, post the "last 
in" element 
B EXIT Continue 
B SR 0,0 The header contains a 


cs 1,0,0(2) negative value; free 
the header and 
BNE A continue 


EXIT f Any instruction ] 


Note that the L 1,0 (2) instruction at 
location LUNLK would have to be cs 
1,1,0(2) if it were not for the rule that a 
word fetch starting on a word boundary must 


fetch the word such that if another CPJ 
changes the word being fetched, either the 
entire new or the entire old value of the 
word, and not a combination of the two, is 


obtained. 

LOCK/UNLOCK with FIFO Queuing for 
Contentions 

The header always contains the address of 


the most recently entered element. The 
header is originally initialized to contain 
the address of a posted ECB. Each progran 
using the serially reusable resource (SRR) 
must provide = an element regardless of 


whether contention occurs. Each progran 
then enters the address of the element 
which it has provided into the header, 


while simultaneously it removes the address 
previously contained in the header. Thus, 
associated with any particular program 
attempting to use the SRR are two elenents, 
called the "entered element" and the 
"removed element." The "entered element" 
of one progran becomes’ the "renoved 
element" for the immediately following 
program. Each program then waits on the 
renoved element, uses the SRR, and then 
posts the entered element. 


When no contention occurs, that is, when 
the second program does not attempt to use 
the SRR until after the first program is 
finished, then the POST of the first 
program occurs before the WAIT of the 
second program. In this case, the 
bypass-post and bypass-wait routines 
described in the preceding section are 
applicable. For simplicity, these two 
routines are shown only by name rather than 
as individual instructions. 


In the example, the element need be only a 
Single word, that is, an ECB. However, in 
actual practice, the element could be made 
larger to include a pointer to the previous 


element, along with a program 
identification. Such information would be 
useful in an error situation to permit 
starting with the header and chaining 
through the list of elements to find the 
program currently holding the SRR. 

It should be noted that the element 


provided by the program remains pointed to 
by the header until the next program 
attempts to lock. Thus, in general, the 
entered element cannot be reused by the 
program. However, the removed element is 
available, so each program gives up one 
element and gains a new one. It is 
expected that the element removed by a 
particular program during one use of the 
SRR would then be used by that program as 
the entry element for the next request to 
the SRR. 
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It should be noted that, since the elements 
are exchanged from one program to the next, 
the elements’ cannot be allocated from 
storage that would be freed and reused when 
the program ends. It is expected that a 
program would obtain its first element and 
release its last element by means’ of the 
routines described in the section 
"Free-Pool Manipulation" in this appendix. 
The following chart describes the action 
taken for FIFO LOCK and FIFO UNLOCK. 


Ga ga rg ge ge Se ee CE Be gaa ae ae eas 
| Function { 

/—_—_—- ———_+- ——————_—— 
|FIFO LOCK [Store address A | 
| [into the header. { 
| (the incoming ele— |WAIT; the ECB is at | 
jJment is at location |the location addres-—| 


Action | 








|A) {sed by the old con— | 
| {tents of the header. | 
[4 ------- ---- —____} 


|FIFO UNLOCK |[PCST; the ECB is at | 


| {location A. | 
[| 2 ee en ee rs | 


routines allow enabled code 
actions described in the 


The following 
to perform the 
previous chart. 


FIFO LOCK Routine: 


—_——— ——<—_ A NS ED 


Initial conditions: 


GR3 contains the address of the header. 

GR4 contains the address, A, of the 
element currently owned by this 
progran. This element becomes’ the 
entered element. 


GR2 now contains 
address of element 
to be entered 


FLOCK LR 2,4 


SR a (ere GR1 = 0 
ST 1,0(2) Initialize the ECB 
L 1,0 (3) GR1 = contents of 


the header 
Enter address A 
into header while 
remembering old 
contents of 
header into GR1; 
GR1 now contains 
address of 
removed element 
Removed element 
becomes new cur- 
rently owned 
element 
Perform bypass- 
Wait routine; if 
ECB already 
posted, continue; 
if not, wait: GR1 
contains the ad- 
dress of the ECB 
USE [Any instruction] The SRR may now be 
used 


TRYAGN CS 1,2,0(3) 


BNE TRYAGN 


LR 4,1 


HSWAIT 
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a a SS NN 


Initial conditions: 


GR2 contains the address of the removed 
element, obtained during the FLOCK 
routine. 

FUNLK LR 1,2 Place address of en- 
tered element in GR1; 
GR1 = address of ECB 
to be posted 
SR 0,9 GRO = 0; GRO has a 
post code of zero 
HSPOST Perform bypass-post 


routine; if ECB has 
not been waited on, 
then mark posted and 
continue; if it has 
been waited on, then 
post 

CONTINUE [Any instruction] 


FREE-POOL MANIPULATION 


It is anticipated that a program will need 
to add and delete items froma free list 
without uSing the lock/unlock routines. 
This is especially likely since the 
lock/unlock routines require storage 
elements for queuing and may require 
working storage. The lock/unlock routines 


discussed previously allow simultaneous 
lock routines but permit only one’ unlock 
routine at a time. In such a Situation, 


multiple additions and a single deletion to 
the list may all occur simultaneously, but 
multiple deletions cannot occur at the same 
time. In the case of a chain of pointers 
containing free storage buffers, multiple 
deletions along with additions can occur 
Simultaneously. In this case, the removal 
cannot be done using the CS instruction 
without a certain degree of exposure. 


Consider a chained list of the type used in 


the LIFO lock/unlock example. Assume that 
the first two elements are at locations A 
and B, respectively. If one program 


remove the first element and 
Was interrupted between the fourth and 
fifth instructions of the LUNLK routine, 
the list could be changed so that elements 
A and cC are the first two elements when the 
interrupted program resumes execution. The 
CS instruction would then succeed in 


attempted to 


storing the value B into the header, 
thereby destroying the list. 
The probability of the occurrence of such 


list destruction can be reduced to near 
zero by appending to the header a counter 
that indicates the number of times elements 
have been added to the list. The use of a 
32-bit counter guarantees that the list 


will not be destroyed unless the following The following routines use such a counter 


ji events occur, in the exact sequence: in order to allow multiple, simultaneous 

' additions and removals at the head of a 
1. An unlock routine is interrupted chain of pointers. 

between the fetch of the pointer fron 

the first element and the update of The list consists of a doubleword header 

the header. and a chain of elements. The first word of 

the header contains a pointer to the first 

2. The list is manipulated, including the element in the list. The second word of 

deletion of the element referenced in the header contains a 32-bit counter 

1, and exactly 232-1 additions to the indicating the number of additions that 

list are performed. Note that this have been made to the list. Each element 

takes on the order of days to perform contains a pointer to the next element in 

in any practical situation. the list. A zero value indicates the end 


of the list. 
3. The element referenced in 1 is added 
to the list. The following chart describes the free- 
pool-list manipulation. 
4. The unlock routine interrupted in 1 
resumes execution. 


SSS SS Sr ee ee ee ay 
| | Action | 
-—_—-—--—— 

| Function | Header = 0,Count | Header = A,Count | 


-—-——___- LS 
IADD TO LIST |Store the first word of the header into | 
| (the incoming|location A. Store the address A into the | 
jelement is at|first word of the header. Decrement the | 
Jlocation A) {second word of the header by one. | 


| OOOO OO eel 
|DELETE FROM |The list is empty.|Set the first word of the] 
{LIST [ jheader to the value of { 
| { {the contents of location | 

| 


| {[A. Use element A. { 
ww a a a a hae ee 
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The following routines allow enabled code 
to perform the free-pool-list manipulation 
described in the above chart. 


ADD TO FREE LIST Routine: 
Initial Conditions: 
GR2 contains the address of the element to 


be added. 
GR4 contains the address of the header. 


ADDO LM O0,1,0(4) GRO,GR1 = contents of 
the header 
TRYAGN ST 0,0 (2) Point the new element 
to the top of the list 
LR 3,1 Move the count to GR3 
BCTR 3,0 Decrement the count 


CDS 0,2,0(4) Update the header 
BNE TRYAGN 


DELETE FPOM FREE LIST Routine: 
Tnitial conditions: 


GR4Y contains the address of the header. 
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DELETQ LM 2,3,0(4) GR2,GR3 = contents 
of the header 
TRYAGN LTR 22 Is the list empty? 
BZ EMPTY Yes, get help 
L 0,0 (2) No, GRO = the 
pointer from the 
first element 
Move the count to 
GR1 


Update the header 


LR 1,3 


CDS 2,0,0(4) 
BNE TRYAGN 
USE [Any instruction] The addres of the 
removed element is 
in GR2 


instructions at locations 

would have to be CDS 
it were not for the rule 
that a doubleword fetch starting on a 
doubleword boundary must fetch the 
doubleword such that if another CPU changes 
the doubleword being fetched, either the 
entire new or the entire old value of the 
doubleword, and not a combination of the 
two, is obtained. 


Note that the LM 
ADDQ and DELETQ 
instructions if 


The following four figures list IK Fixed-point-divide exception 
instructions arranged by name, mnemonic, L New condition code loaded 
operation code, and feature. Some models LS Significance exception 

may offer instructions that do not appear MI Move-inverse feature 

in the figures, such as those provided for MO Monitor event 

emulation or aS part of special or custon MP Multiprocessing feature 
features. P Privileged-operation 


| PA Primary-authorization translation ex- 
The operation code OQ with a two-byte | ceptions (include addressing and pri- 
instruction format is allocated for use by | mary authority) 
the program when an indication of an | PC PC-number-translation exceptions (in- 

( 

( 

( 


invalid operation is required. It is clude addressing, PC-translation speci- 
improbable that this operation code will fication, LX translation, and EX trans- 
ever be assiqned to an instruction lation) 
implemented in the CPU. PK PS¥-key-handling feature 
1 Q Privileged-operation exception for 
| semiprivileged instructions 
R PER general-register-alteration event 
Explanation of Symbols in "Characteristics" RE  Recovery-extension feature 
and "Op Code" Columns BR RR instruction format 
RRE RRE instruction format 
RS RS instruction format 
A Access exceptions for logical RX RX instruction format 
addresses S S instruction format 
AI Access exceptions for instruction | SA Secondary-authorization translation 
address | exceptions (include addressing and 
AT ASN-translation exceptions (include | secondary authority) 
addressing, ASN-translation specifica- SD PEFR storage-alteration event, which 
tion, AFX translation, and ASX transla- can be caused by RDD only when IPTE is 
tion) not installed 
Al Access exceptions; not all access SI SI instruction format 
exceptions may occur; see instruction SO Special-operation exception 
description for details SP Specification exception 
B PER branch event Ss SS instruction format 
BS Branch-and-save feature SSE SSE instruction format 
C Condition code is set ST PER storage-alteration event 
CK Cpu-timer and clock-comparator feature SW Conditional-swapping feature 
cs Channel-set-switching feature ime Trace exceptions (include access and 
D Data exception | specification) 
DC Direct-control feature | TE Test-block feature 
DF Decimal-overflow exception TR Translation feature 
DK Decimal-divide exception | XT Space-switch event and PER storage- 
DY Depending on the model, DIAGNOSE may | alteration event 
generate various program exceptions XP Extended-precision floating-point fea- 
and may change the condition code ture 
DU Dual-address-space facility $ Causes serialization 
EF Extended facility ¢ Causes serialization and checkpoint 
EO Exponent-overflow exception synchronization 
EU Exponent-underflow exception ¢i Causes serialization and checkpoint 


EX Execute exception 
FK Floating-point-divide exception 


synchronization when the M, and Rg, 
fields contain all ones and all zeros, 


FP Floating-point feature respectively 
IF Fixed-point-overflow exception x Bits 8-14 of the operation code are 
II Interruptible instruction ignored 


Appendix B. Lists of Instructions B-1 


| [Mne— | | Op | Page | 
{ Name |monic| Characteristics [Code | No. [ 


{ADD [AR |RR C | IF | R [1A [7-7 l 
[ADD [A IRX C | oA | IF | R [5A [7-7 | 
[ADD DECIMAL [AP [SS C | A [D DF | ST|FA [8-5 
| ADD HALFWORD [AH |RX C | oA | IF | R [4A [7-7 l 
[ADD LOGICAL JALR |RR C I | | R  |1E [7-8 l 
-———_-__--__-_--____-_—__ + +——___4—___+—_—_+_ +--+ A 
[ADD LOGICAL [AL [RX C 1 oA I | R  |5E [7-8 | 
[ADD NORMALIZED (extended) [AXR |RR C XP| SP|EU EO LS | 136 19-6 | 
[ADD NORMALIZED (long) [ADR [RR C_ FP| SP|EU EO LS| [2A  |9-6 
[ADD NORMALIZED (long) [AD {RX C FP{ A SPJEU EO LS| [6A |9-6 
[ADD NORMALIZED (short) |AER |RR C_ FP SP|EU EO LS | [3A [9-6 | 
{tt tp tt Ht 
[ADD NORMALIZED (short) [AE [RX C FP[ A SP{EU EO LS | [7A [9-6 
[ADD UNNORMALIZED (long) |AWR |RR CFP SP| £0 LS| |2E  |9-7 r 
[ADD UNNORMALIZED (lonq) |AW (RX C FP] A SP] £O LS| [6E [9-7 
{ADD UNNORMALIZED (short) [AUR |RR CFP SP| EO LS| [3E 19-7 | 
[ADD UNNORMALIZED (short) [AU |RX C FP{ A SPI £O LS| [7B |9-7 
{$m pt Ht 
| AND INR [RR C l | 1 R 414 47-8 l 
| AND [N IRX C | A | | R [54 [7-8 
[AND (character) Inc {SS C | oA | ST[D4 [7-8 
|AND (immediate) INI {SI Cc | oA [ STI94 [7-8 l 
| BRANCH AND LINK |BALR [RR | IB R [05 |7-9 l 
{$= |] tH 44 
| BRANCH AND LINK |BAL [RX | | IB R {45 [7-9 | 
[BRANCH AND SAVE |BASR |RR BS| l IB R  |0OD  |7-9 | 
| BRANCH AND SAVE [BAS [RX BS| l IB R  |4D {7-9 
| BRANCH ON CONDITION [BCR [RR l ¢1 |B [07 47-10 | 
| BRANCH ON CONDITION [BC [RX | | |B 147  |7-10 | 


[BRANCH ON COUNT [BCTR |RR | IB R |06  |7—11 r 
|BRANCH ON COUNT |BCT |RX | | IB R [46 47-11 | 
| BRANCH ON INDEX HIGH |BXH {RS | IB R [86 47-11 | 
| BRANCH ON INDEX LOW OR EQUAL | BXLE [RS | l IB R |87 |7-11 | 
|CLEAR CHANNEL {CLRCH|S C_ RE|P $ | |9FO1*,|12-16 | 
P_O th ttt tt 

[CLEAR I/0 {CLRIOIS Cc |P | $ I 19D01*{12-17 | 
[COMPARE ICR [RR C | | 119 |7-12 | 
[COMPARE Ic [RX C | A | (59 |7-12 | 
|COMPARE (long) ICDR |RR C FP| SP | 129 |9-8 l 
{COMPARE (long) ICD  |RX C FP| A SPI | 169 19-8 | 
b+ + +--+ Ht 
[COMPARE (short) ICER [RR CFP SP | 139 {9-8 | 
|COMPARE (short) (CE {RX cC FPI A SPI 179 |9-8 | 
[COMPARE AND SWAP icS {RS Cc SWI] A SPI $ | R ST|BA {7-12 | 
[COMPARE DECIMAL IcP  |ss c i oA |D I [F9 [8-5 | 
| COMPARE DOUBLE AND SWAP ICDS [RS Cc SWI A SPI $ | R STJBB |7-12 | 
$$ tt] th] |] 
[COMPARE HALFWORD |CH [RX C 1 oA | [ 149 |7-14 Jf 
[COMPARE LOGICAL [CLR |RR C l 115 |7-4 | 
[COMPARE LOGICAL ICL {RX C 1 A | 155 |7—m4 | 
|COMPARE LOGICAL (character) |cLc |SS C | A | [D5 |7-14 | 
{COMPARE LOGICAL (immediate) {CLI |SI Cc | oA r 195 |7-14 | 
|} ______-------_—-__-+-@__----____+________4_-_____+ 

{COMPARE LOGICAL CHARACTERS UNDER MASK|CLM |RS C 1 oA | IBD |7-15 | 
|COMPARE LOGICAL LONG |CLCL |RR C { A. SPI IIj R {OF {7-15 J{ 
[CONNECT CHANNEL SET {CONCSIS C CSIP r | 1B200 {10-5 | 
[CONVERT TO BINARY |CVB [RX | oA | D IK | R  |4F |7-17 4 
|CONVERT TO DECIMAL {CVD [RX | A | | STI4ME |7-17. | 
a ee ee fe ey Se nee ee ee ee, Co (cs 2 ees | 
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| [Mne— | | Op | Page 
| Nane |monic| Characteristics |Code | No. 
eo ee 

| DIAGNOSE | | DM {P DM | | | 83 {10—5 
| DISCONNECT CHANNEL SET |DISCS|S C CS|P | | |B201 {10-6 
| DIVIDE {DR [RR | SP | IK | R 11D | 7-18 
| DIVIDE |D |RX | A SP | IK | R | 5D | 7-18 
| DIVIDE (lonq) {DDR |RR FP | SP|EU EO FK | 2D 19-9 


| DIVIDE (longq) IDD {RX FP| A SP[EU EO FK | 16D 19-9 
| DIVIDE (short) [DER [RR FP | SP|EU EO FK | 13D |9-9 
[DIVIDE (short) [DE {RX FP| A SP|EU EO FK | 17D |9-9 l 
[DIVIDE DECIMAL [DP {ss [| A SPID DK ST|FD [8-5 | 
|EDIT \—ED {ss Cc | A |D 1 ST|DE [8-6 | 
ttt ht Ht 
{EDIT AND MARK |EDMK ISS C | oA {D | R STIDF [8-10 | 
[EXCLUSIVE OR IXR [RR C { | R 417 #4|7-18 | 
[EXCLUSIVE OR 1x IRX C | oA | | R 57 [7-18 | 
JEXCLUSIVE OR (character) ixc {SS Cc | oA | | STID7 [7-18 | 
[EXCLUSIVE OR (immediate) | XI IsI Cc l A STJ97 [7-18 | 
bt tt tH 

| EXECUTE [EX [RX | AI SP| EX| 144 17-19 | 
[EXTRACT PRIMARY ASN | EPAR |RRE DUIO | SO] R  [B226 110-6 | 
[EXTRACT SECONDARY ASN |ESAR |RRE DUIO SO| R  [B227 1107 | 
[HALT DEVICE |HDV IS Cc |P | $ |9E01*{12-19 | 
|HALT I/0 |HIO |S Cc |P $ { |9EO0*] 12-22 | 
jo] tt Ht 

JHALVE (long) [HDR [RR FP | SP | EU | (24 |9-10 | 
|HALVE (short) |HER [RR FP | SP | EU i 134 |9-10 | 
[INSERT ADDRESS SPACE CONTROL |IAC |RREC  DUIQ | SO| R  {B224 110-7 | 
[INSERT CHARACTER |IC  |RX | oA | | R  |43 |7-20 | 
[INSERT CHARACTERS UNDER MASK |ICM |RS C 1 oA | R  |BF [7-20 | 
es 
JINSERT PSW KEY JIPK |S PKIQ | | R  |B20B {10-8 | 
[INSERT STORAGE KEY [ISK [RR IP Al SP| 1 R |09 4109 | 
|INSERT VIRTUAL STORAGE KEY |IVSK |RRE DUIQ A! | SO| R  [{B223 110-9 | 
J INVALIDATE PAGE TABLE ENTRY | IPTE |RRE EF|P A! $ | {B221 {10-10 | 
| LOAD [LR [RR | R [18 |7-21 
|} ] tt 
| LOAD [L [RX | oA 1 R [58  |7-21 
|LOAD (long) [LDR [RR FP | SP | | {28 49-10 | 
[LOAD (long) {LD [RX FP| A SPI | 168 |9-10 | 
[LOAD (short) [LER {RR FP | SP | 138 |9-10 | 
[LOAD (short) [LE  |RX FP| A SP | 178 | |9-10 | 
{]_ st 

|LOAD ADDRESS [LA [RX l | R [41 | 7-21 l 
[LOAD ADDRESS SPACE PARAMETERS [LASP |SSEC DUIQ AS SP| SO| {E500 [10-11 | 
[LOAD AND TEST [LTR [RR C | R [12 47-21 ( 
[LOAD AND TEST (long) }LTDR {RR C_ FP| SP| 122 |9-11 
|LOAD AND TEST (short) |LTER |RR C_ FPI SP | | (32 {9-11 l 
{$$ tt tt tt tH 
| LOAD COMPLEMENT [LCR [RR C { | IF 1 R 413 |7-22 | 
[LOAD COMPLEMENT (long) [LCDR [RR CFP SP | | 123. |9-11 | 
[LOAD COMPLEMENT (short) |LCER |RR C_ FP| SP | 133 =| 9-11 l 
[LOAD CONTROL | LCTL |RS IP A SPI [B7 | 110-16 | 
|LOAD HALFWORD [LH [RX | oA | R [48 |7-22 | 
bb} ttt tH Ht 
[LOAD MULTIPLE {1LM [RS 1 A | | R 98 |7-22 | 
[LOAD NEGATIVE |LNR [RR C | {| R [11 (7-23 | 
[LOAD NEGATIVE (long) |LNDR {RR C_ FPI SP | | 121 19-12 | 
{LOAD NEGATIVE (short) [|LNER [RR C_ FP| SP | | | 31 19-12 | 
[LOAD POSITIVE [LPR |RR C | | IF [| R {10 47-23 | 
a es a ee he ee 
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| [Mne— | | Op | Page | 
| Name |monic| Characteristics |Code | No. | 
SSS i ae 
[LOAD POSITIVE (long) [LPDR IRR C_ FP SP | | 120 | 9-12 | 
{LOAD POSITIVE (short) [LPER |RR C_ FP| SP | [ | 30 | 9-12 | 
[LOAD PSW |LPSW ISL IP A SPI ¢ | | 82 [10-17 | 
[LOAD REAL ADDRESS [LRA [RX C TRIP A! | | R | B1 110-17 | 
|LOAD ROUNDED (extended to long) |LRDR [RR XP | SP | EO {25 | 9-12 | 
rs Sa area cana CEE, CRIaralidiae reece Sanam aaa cma, Sere (eam as GCS | 
| LOAD ROUNDED (long to short) |LRER |RR XP | SP | EO | [35 | 9-12 r 
|MONITOR CALL [MC [SI SP | MO| | AF | 7-23 | 
|MOVE (character) [MVC {SS | A | | ST| D2 | 7-24 | 
(MOVE (immediate) [MVI [STI [ A | [ ST| 92 | 7-24 | 
|MOVE INVERSE |MVCIN|ISS MII A | | ST|E8 | 7-24 | 
SS SS 
|MOVE LONG |MVCL [RR C | A SP | ITI | R STI OE | 7-25 | 
|MOVE NUMERICS IMVN [SS r A [ | ST| D1 | 7-27 | 
|MOVE TO PRIMARY |MVCP {ISS cC DUIQ_ A! | ¢ SsOo| ST| DA |10—18 | 
| MOVE TO SECONDARY IMVCS {SS cC pDUIQ A! | ¢ SsO| ST| DB }10—18 | 
|MOVE WITH KEY IMVCK [ISS Cc DUIQ A | | ST| D9 | 10—20 | 
}-—______ 
|MOVE WITH OFFSET | MVO Iss | A | | ST| F1 | 7-28 | 
|MOVE ZONES | MVZ {ss | A | | ST| D3 | 7—28 | 
| MULTIPLY | MR [RR | SP | | R }1c | 7-29 | 
| MULTIPLY | M [RX | A SP| | R [sc {7-29 | 
| MULTIPLY (extended) [MXR [RR XP | SP|EU EO | | 26 [9-13 | 
t-— —_—_—__—__—_—_ +1 
| MULTIPLY (long to extended) {|MXDR |RR XP | SP|EU EO | | 27 | 9-13 { 
|MULTIPLY (long to extended) [MXD |RX XP | A  SP|EU EO | [67 {9-13 | 
| MULTIPLY (long) [MDR |RR FP | SP|EU EO l [2c | 9-13 | 
| MULTIPLY (long) | MD [RX FP| A  SP|EU EO | | 6c | 9-13 
[MULTIPLY (short to long) [MER [RR FP | SP|EU EO }3C 839—.- | 9-13 | 
-———_-— cn Sn Se en Sn Pn Sn Pe 
[MULTIPLY (short to long) | ME [RX FP | A  SP|EU EO | | 7c {9-13 | 
| MULTIPLY DECIMAL | MP {Ss | A SP|D | ST| FC | 8—10 | 
|MULTIPLY HALFWORD | MH | RX | A | | R [4c 17-29 | 
| OR | OR IRR C | { | R | 16 {| 7—30 | 
{OR [0 IRX Cc | A { | R 156 | 7—30 
aS a a RAR a Ca, a rE (aa 
{OR (character) {Oc Iss Cc | A | | ST| D6 | 7-30 | 
{OR (immediate) | OI {ISI c | A | { ST|96 | 7-30 | 
| PACK | PACK |SS | A | | STI F2 | 7-31 | 
| PROGRAM CALL { Pc |S DUIQ AT }Pc T ¢ SOIB R XTIB218 | 10—21 | 
| PROG RAM TRANSFER | PT |RRE DUI|Q AT SP|PA T ¢€ 4SO|[B XT[B228 |10-—28 | 


ad 


{-——______ 
|PURGE TLB 





|PTLB |S TR |P | $ | |B20D {10-33 | 
{READ DIRECT |RDD [SI DC|P A | $ SDI85 4110-33 | 
[RESET REFERENCE BIT IRRB |S Cc TRIP A! | {B213 110-34 | 
{SET ADDRESS SPACE CONTROL ISAC |S DUI SP | ¢ sol 1B219 (10-34 | 
|SET CLOCK ISCK |S c IP A SP | 1B204 {10-35 | 

tt tt tH tH 

|SET CLOCK COMPARATOR |SCKC |S CKIP A SPI l |B206 [10-36 | 
|SET CPU TIMER (SPT |S CKIP A SPI ; {B208 110-36 | 
|SET PREFIX ISPX |S MP{P A SPI $ 1B210 110-36 | 
|SET PROGRAM MASK [SPM [RR L | [ (04 {7-31 | 
|SET PSW KEY FROM ADDRESS |SPKA |S PKIQ | | |B20A {10-37 | 
ee 
|SET SECONDARY ASN [SSAR |RRE DUJ AT |SA T ¢€ + SOI ST] B225 [10-38 | 
[SET STORAGE KEY ISSK [RR IP Al SPI ¢ 108 |{10-41 | 
|SET SYSTEM MASK [SSM |[S IP A SPI SO| 180 410-41 | 
| SHIFT AND ROUND DECIMAL [SRP |SS C | oA [D DF | ST[FO [8-11 | 
|SHIPT LEFT DOUBLE |SLDA [RS C SP| IF | R {8F [7-32 | 


LL 
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{ |Mne— | | Op | Page | 
| Name | monic| Characteristics |Code | No. | 
+—-—_———_———__——_—_- tigi. 3g,. elt tH 
|SHIFT LEFT DOUBLE LOGICAL [SLDL [RS { SP| | R | 8D | 7-32 [ 
| SHIFT LEFT SINGLE ISLA {IRS C [ | IF | R | 8B 17-33 | 
[SHIFT LEFT SINGLE LOGICAL {SLL [RS | [ { | 89 | 7-33 
|SHIFT RIGHT DOUBLE [SRDA {RS C [ SP| | R | 8E [7-34 | 
|SHIFT RIGHT DOUBLE LOGICAL [SRDL |RS | SP | | R | 8c 17-34 | 





|SHIFT RIGHT SINGLE {SRA [RS C | [ | R | 8A {7-34 | 
|SHIFT RIGHT SINGLE LOGICAL [SRL {RS { | {| R 188 {7-35 { 
{SIGNAL PROCESSOR [SIGP |RS C MPIP [ $ 1 R | AE 110-42 | 
|START I/0 {sIo |S Cc |P [ $ 1 | 9C00*,12-25 | 
[START I/O FAST RELEASF [SIOF |S Cc |P | $ [ 19C01*{12-25 | 
- SS 

| STORE [st [RX [ A [ | ST|50 {7-35 | 
[STORE (long) [STD [RX FP | A SPI 1 ST|60 (9-14 i 
[STORE (short) (STE [RX FP | A SPI { ST| 70 | 9-14 | 
{STORE CHANNEL ID | STIDC|S Cc [P | $ { {B203 112-28 | 
|STORE CHARACTER |stc |RX | A [ [ ST| 42 | 7—35 | 
Sn Sen RE SR Pee 

[STORE CHARACTERS UNDER MASK [STCM [RS | A { | ST|BE {7-35 i 
[STORE CLOCK |STCK |S Cc { A { $ { ST{[B205 | 7-36 | 
iSTORE CLOCK COMPARATOR ([STCKC|S CK|P A SPI [ ST|B207 110-43 | 
|STORE CONTROL [STCTL|RS (P A SP| [ ST| B6 110-43 | 
| STORE CPU ADDRESS ([STAP |S MP|P A SP| { ST[B212 {10-44 | 
-———————_——___—_—__——_-- ds I ee I Ee tH 
{STORE CPU ID [STIDP|S IP A SP| \ ST] B202 410-44 | 
{STORE CPU TIMER (STPT |S CK|P A SP| | ST|B209 110-45 | 
{STORE HALFWORD [STH |RX | A ] [ ST|[ 40 | 7-37 { 
[STORE MULTIPLE [STM [RS | A { \ ST| 90 | 7-37 
[STORE PREFIX |STPX |S MP|P A SP{- | ST]B211 [10-45 | 
--—_—-___—— —_— tt tHE 

{STORE THEN AND SYSTEM MASK | STNSMISTI TRIP A { [ ST| AC {10-45 | 
| STORE THEN OR SYSTEM MASK iSTOSM|SI TRIP A °SP| [ ST| AD {10-46 | 
{SUBTRACT [SR IRR Cc [ ] IF 1 R {1B | 7-37 | 
| SUBTRACT 1s IRX Cc { A | IF | R {5B | 7-37 | 
{SUBTRACT DECIMAL [SP Iss Cc i A [D DF { ST| FB | 8-12 { 
SSS a a SS SSS Ee 
‘SUBTRACT HALFWORD {SH {RX Cc [ A | IF 1 R | 4B | 7-38 | 
{SUBTRACT LOGICAL {SLR [BRR C { [ i | 1F | 7-38 { 
|SUBTRACT LOGICAL [SL [RX C [ A [ | R | 5F | 7-38 | 
[SUBTRACT NORMALIZED (extended) iSXR {RR C_ XP SP|EU EO LS | | 37 19-15 { 
[SUBTRACT NORMALIZED (long) ISDR |RR CFP SP|EU EO LS| | 2B {9-15 | 


Se ee ee 


[SUBTRACT NORMALIZED (long) {SD IRX C FP| A SP|{EU EO LS | | 6B {9-15 { 
[SUBTRACT NORMALIZED (short) [SER {RR CFP SP|EU EO LS | | 3B 19-15 | 
[SUBTRACT NORMALIZED (short) [SE IRX Cc FP| A  SP|EU EO LS | | 7B 19-15 | 
[SUBTRACT UNNORMALIZED (long) [SHR |RR CFP SP | EO LS| | 2F {9-15 | 
| SUBTRACT UNNORMALIZED (long) [SW [RX CFP A SP| EO LS | | 6F 19-15 { 
———- 

| SUBTRACT UNNORMALIZED (short) |SUR {RR C_ FP| SP| EO LS| | 3F {9-15 { 
[SUBTRACT UNNORMALIZED (short) {su {RX Cc  FP| A SPI EO LS| | 7F 19-15 | 
|SUPERVISOR CALL |ISVC {RR | { ¢ [ [OA | 7-39 | 
[TEST AND SET (TS {Ss Cc [ A \ $ ] ST{93 {7-39 | 
| TEST BLOCK {TB [RRE C fTBIP Al! | $ II| R |B22C {10-46 | 
-——___—_————7- IH HHH OH HH Hh tt HF 
|TEST CHANNEL [TCH |S Cc [P [ $ | [9FOO*] 12-29 | 
|TEST 1/0 {TIO |S Cc |P i $ | 19D00*112-29 | 
{TEST PROTECTION JTPROT|SSE C EF|[P A! | [ {E501 410-48 | 
{TEST UNDER MASK | TM ISI c { A [ { {91 | 7--39 i 
| { ST} DC {7~—40 | 


{TRANSLATE | TR Iss | A 


_————— CE i Se 
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eg ee Eee ge NT ON eS me Geass aes ae eek Te ay Se ae as ee ee ee a a ge Ce ee es ER See a ge ee ee ee 


| |Mne— | 

| Name | monic| 

| TRANSLATE AND TEST {TRT |SS C 
| UNPACK JUNPK |SS 
(WRITE DIRECT {WRD |STI 
[ZERO AND ADD | ZAP Iss Cc 


| Op 

Characteristics | Code 
ot 
A | | R | DD 
A | " ST| F3 
At | [ | 84 
A |D DF | ST|FS8 


| Page 
| No. 


[7-41 
[7-41 
110-49 
| 8—12 


ee ee 
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B-6 System/370 Principles of Operation 


re a a ee ee eS ee ee 





[Mne— | | | Op | Page | 
|monic| Name | Characteristics {Code | No. { 
Ena SE RE GE GR Ee SE 
| | DIAGNOSE 1 DM IP DM | | | 83 |} 10-5 | 
| A | ADD |IRX C | A | IF | R | 5A | 7-7 | 
{AD |ADD NORMALIZED (long) RX C FP| A SP|EU EO LS] | 6A | 9—6 | 
| ADR | ADD NORMALIZED (long) IRR Cc FP| SP|EU EO LS | | 2A | 9—6 | 
[AE | ADD NORMALIZED (short) [RX CFP A SP|EU EO LS| [7A | 9-6 | 
++ OO 

[AER [ADD NORMALIZED (short) IRR CC FP SP|[EU EO LS | | 3A | 9—6 | 
| AH {ADD HALFWORD {RX Cc | A | IF | R | 4A {7-7 | 
| AL | ADD LOGICAL IRX Cc [ A [ | R |5E 17-8 \ 
| ALR {ADD LOGICAL IRR C | | | R {1E | 7-8 | 
| AP | ADD DECIMAL iss Cc | A {|D DF | ST{ FA | 8—5 | 
-—————_—_-—__—_ OO OS 

| AR | ADD IRR C | | IF | R J 1A | 7-7 | 
{AU {ADD UNNORMALIZED (short) {RX Cc FP A SP | EO LS | | 7E | 9-7 | 
| AUR |ADD UNNORMALIZED (short) IRR CC FP SP | EO LS| | 3E | 9-7 | 
| AW [ADD UNNORMALIZED (long) [RX C FP A SP | EO LS | | 6E | 9-7 | 
| AWR | ADD UNNORMALIZED (long) IRR CC FP| SPJ EO LS | | 2E | 9-7 | 
A SE a a Pe ———| 
| AXR |ADD NORMALIZED (ext ended) IRR C XP| SP|} EU EO LS | | 36 | 9-6 | 
{BAL | BRANCH AND LINK | RX | | |B R 145 | 7-9 | 
|BALR | BRANCH AND LINK {RR | | {|B R | 05 | 7-9 | 
{BAS | BRANCH AND SAVE [RX BS | | {B R | 4D | 7-9 | 
|BASR | BRANCH AND SAVE | RR BS | | |B R | OD | 7-9 | 
t——-_-+- ttt An Sn a en 
| BC | BRANCH ON CONDITION | RX | | |B 147 | 7-10 | 
{BCR |BRANCH ON CONDITION {RR | | gl |B | 07 | 7-10 | 
{BCT {BRANCH ON COUNT | RX | | iB R | 46 | 7-11 | 
{BCTR | BRANCH ON COUNT | RR | | IB R | 06 | 7-11 | 
| BXH | BRANCH ON INDEX HIGH {RS | | |B R 86 | 7-11 | 
|BXLE | BRANCH ON INDEX LOW OR EQUAL [RS | | {|B R | 87 {| 7-11 | 
{Cc | COMPARE IRX C | A | | {59 | 7—12 | 
{CD  |COMPARE (long) (RX CFP A SPI r 169 | 9-8 
ICDR |{COMPARE (long) {RR Cc FP| SP | | | 29 | 9-8 | 
{CDS |COMPARE DOUBLE AND SWAP IRS Cc SW A SP | $ | R ST| BB | 7-12 | 
-——___t+-—-____-__—_— OO OO St tT 
|CE | COMPARE (short) {RX Cc FP| A SP | | | 79 | 9-8 | 
|CER |COMPARE (short) IRR Cc FP| SP | | 139 | 9-8 | 
| CH | COMPARE HALFWORD [RX C | A | | 149 | 7-14 
[CL |COMPARE LOGICAL IRX Cc r A [ | 155 17-14 | 
|CLC |COMPARE LOGICAL (character) Iss Cc | A I " [D5 | 7—14 l 
tO Oe RE SAB tH 
|CLCL | COMPARE LOGICAL LONG IRR Cc | A SP | II | R | OF | 7-15 | 
[CLI |COMPARE LOGICAL (immediate) ISI c A l 195 {7-14 
{CLM |COMPARE LOGICAL CHARACTERS UNDER MASK(|RS C | A | | | BD | 7-15 | 
|CLR | COMPARE LOGICAL IRR C | | | {15 | 7-14 | 
|CLRCH| CLEAR CHANNEL 1s C RE|P | $ | | 9FO01*|12—16 | 
-——-+——_—-———————__—-—-—_——— OH HC Oh HH 

|CLRIO| CLEAR I/0 BS) Cc | P | | | 9D01*| 12-17 | 
|CONCS| CONNECT CHANNEL SET |s C cS|P | | 1B200 ;10—5 | 
[CP | COMPARE DECIMAL Iss c r A | D | [F9 {8-5 
ICR  |COMPARE IRR C {19 17-12 l 
(cs | COMPARE AND SWAP IRS Cc SW] A SP | $ ] R ST| BA | 7-12 | 
+--+ _—-—_—_—_ es — Ht HHH 
|CVB |CONVERT TO BINARY [RX | A [D IK | R  |4F | 7-17 l 
|ICVD |CONVERT TO DECIMAL [RX | A | ST|4E |7—17 
|D | DIVIDE [RX | A SP| IK | R {5D | 7-18 | 
{DD | DIVIDE (long) [RX FP | A SP|EU EO FK | | 6D | 9-9 | 
| DDR | DIVIDE (long) [RR FP | SP|EU EO FK | {2D | 9-9 | 
re a i yg 
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Ss ee eee Se a en ee ee Se ee Ne Sg an eee ee ee eee ee Oe 
[Mne— | [ | Op [| Page | 
Jjmonic| Nane | Characteristics |Code | No. | 
-——_—_t————————“—_--————_-_- eo. OTL,e—-— a Ht 
[DE | DIVIDE (short) [RX FP | A SP|EU EO FK { {7D | 9-9 | 
[DER |DIVIDE (short) {RR FP | SP|EU EO FK | | 3D | 9-9 | 
| DISCS| DISCONNECT CHANNEL SET IS Cc CSIP | { {B201 | 10-6 { 
| DP | DIVIDE DECIMAL {ss | A SP|D DK | ST| FD | 8—5 | 
(DR | DIVIDE [RR { SP | IK | R {1D 17-18 
He —— SS a 
{ED | EDIT (ss. -C | A |D | ST| DE | 8—6 | 
|EDMK |EDIT AND MARK Iss Cc { A [D | R ST|DF | 8—10 | 
{EPAR | EXTRACT PRIMARY ASN | RRE DUIQ | SO| R 1B226 | 10-6 | 
|ESAR | EXTRACT SECONDARY ASN {RRE DU|Q | SO| R {|B227 {10-7 | 
[EX | EXECUTE [RX | AI SP| EX | | 44 | 7-19 | 
a SS 

{HDR |HALVE (long) [RR FP | SP| EU | {24 | 9-10 | 
|HDV |HALT DEVICE {s C {P | $ | {9EO1*{12—-19 | 
{HER |HALVE (short) [RR FP | SP|[EU | 134 | 9-10 | 
{HTO |HALT I/0 {Ss Cc {P | $ | | 9EOQO*{12—22 | 
{IAC | INSERT ADDRESS SPACE CONTROL {RRE C DUIQ | SO| R {B224 | 10-7 | 
{$< th Ht 
{IC | INSERT CHARACTER | RX | A | | R {43 | 7—20 | 
{ICM |INSERT CHARACTERS UNDER MASK {RS C | A | | R | BF | 7—20 | 
{IPK {INSERT PSW KEY 1s PKIQ | | R |B20B |10-—8 | 
{IPTE |INVALIDATE PAGE TABLE ENTRY |RRE EF|P At | $ | {B221 |10—10 | 
[ISK [INSERT STORAGE KEY [RR IP A SP| | R [09  |{10+-9 | 
-—————_—-—-—-—_——_———_———— eo OO EE 

[IVSK |INSERT VIRTUAL STORAGE KEY | RRE DUIQ At | SO| R {B223 |10-9 | 
| L | LOAD {RX | A | | R 158 | 7-21 | 
[LA {LOAD ADDRESS [RX | | | R 141 |7—21 | 
|LASP | LOAD ADDRESS SPACE PARAMETERS ISSE C DUIQ AS SP| SO| {E500 | 10-11 | 
[LCDR | LOAD COMPLEMENT (long) IRR Cc FP| SP | | | 23 | 9-11 | 
———-+———————_ OI IO LE OHH th 
|LCER |LOAD COMPLEMENT (short) IRR C FP| SP | | 133 | 9-11 | 
{LCR |LOAD COMPLEMENT {RR C | | IF | R {13 | 7—22 | 
{|LCTL | LOAD CONTROL [RS {P A SP | | | B7 j10-16 | 
[LD [LOAD (long) [RX FP | A SPI [ [68 19-10 
[LDR [LOAD (lonq) [RR FP | SP | | 128 19-10 | 
SSS SS SS re SS eS 
| LE [LOAD (short) | RX FP | A SPI | | 78 | 9-10 | 
{LER |LOAD (short) [RR FP | SP | | {38 | 9—10 | 
| LH | LOAD HALFWORD | RX 1 A | | R 148 | 7—22 | 
| LM | LOAD MULTIPLE {RS | A | | R {98 | 7-22 | 
|LNDR | LOAD NEGATIVE (long) IRR Cc FP SP | | {21 | 9-12 | 
th BD eee A et tH 
|[LNER |LOAD NEGATIVE (short) IRR Cc FP SP | | {31 | 9-12 | 
J|LNR |LOAD NEGATIVE IRR C | | | & {11 | 7—23 | 
[LPDR |LOAD POSITIVE (long) [RR CFP SP | 120 |9-12 | 
|LPER |LOAD POSITIVE (short) (RR C FP| SP | ( {30 {9-12 | 
{LPR [LOAD POSITIVE [RR C | | IF | R 110 [7-23 | 
+--+ eee ea DE esd SS 

|LPSW |LOAD PSW {Ss L {P A SPI ¢ | | 82 110-17 | 
[LR | LOAD {RR | | | R {18 | 7-21 | 
{LRA |LOAD REAL ADDRESS IRX C TRIP At | | R | B1 | 10—17 | 
{|LRFDR {LOAD ROUNDED (extended to long) | RR XP | SP | EO | [25 | 9-12 | 
|LRER {LOAD ROUNDED (long to short) {RR XP | SP | EO | {35 | 9-12 | 
-—_—__—-++---—___—__——_—————_——_ + rt OO oe a. + a_i 
[LTDR |LOAD AND TEST (long) IRR C_ FP] SP | | {22 | 9-11 | 
|LTER |LOAD AND TEST (short) IRR C FP| SP | | | 32 | 9—11 | 
|LTR  |LOAD AND TEST {RR C | | | R {12 | 7—21 | 
| M | MULTIPLY | RX | A SP | | R {5c | 7-29 | 
{MC |MONITOR CALL {SI | SP | MO| | AF | 7—23 | 
eS ee eee ee ] ee a es ae . eee eer ees | 
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[Mne— | [ | Op | Page | 
|monic| Name [ Characteristics |Code | No. | 
—-———_ ott ———+ tH Ht 
| MD | MULTIPLY (long) | RX FP | A SP|EU EO | | 6C | 9-13 | 
|MDR |MULTIPLY (long) [RR FP | SP|[EU EO | | 2C | 9-13 | 
| ME {MULTIPLY (short to long) [RX FP | A SP|EU EO [ | 7c {9-13 \ 
| MER |MULTIPLY (short to long) [RR FP | SP|EU EO | | 3c | 9-13 | 
[MH | MULTIPLY HALFWORD [RX | A [ | R [4c | 7-29 | 
SU SE Pe a: Ta 
| MP |MULTIPLY DECIMAL Iss | A SP|D | ST| FC | 8—10 | 
[MR | MULTIPLY [RR | SP | | R J 1c | 7-29 | 
[MVC |MOVE (character) Iss | A ST| D2 {7-24 | 
| MVCIN| MOVE INVERSE {ss MI | A | | ST| E8 | 7-24 | 
[MVCK |MOVE WITH KEY iss c pDUIO A | STID9 {10-20 | 
nn Se Sa A Sa 3 
|MVCL | MOVE LONG {RR Cc | A SP | IT | R ST|[OE | 7-25 | 
|MVCP | MOVE TO PRIMARY Iss cc pUIQ Ai | 4 SO | ST| DA {10-18 | 
|MVCS | MOVE TO SECONDARY iss c puUIQ At! | ¢ so | ST| DB | 10-18 | 
IMVI [MOVE (immediate) [SI { A [ | ST| 92 | 7-24 { 
{|MVN |MOVE NOMERICS Iss | A | | ST| D1 | 7—27 | 
OO ee + BAN tH 
|MVO |MOVE WITH OFFSET [ss | A | | ST| F1 | 7-28 | 
[MVZ |MOVE ZONES Iss | A | | ST| D3 | 7-28 | 
|(MXD |MULTIPLY (long to extended) [RX XP | A SP|EU EO | | 67 | 9-13 | 
|MXDR | MULTIPLY (long to extended) | RR XP | SP|[EU EO | | 27 | 9-13 | 
| MXR |MULTIPLY (extended) |RR XP | SP|EU EO | | 26 | 9-13 | 
-——_—++— rr a 
[N | AND [RX Cc | A | | R [54 17-8 l 
[NC |AND (character) iss Cc | A | | ST| D4 | 7-8 | 
| NI [AND (immediate) ISI Cc A | | ST[94 {7-8 r 
[NR | AND [RR Cc | | | R (14 | 7-8 | 
ie) [OR [RX Cc | A | | R | 56 {7-30 || 
-——_——_-_-+--—_——__ LE Oe? +H ——| 
Joc |OR (character) Iss C | A | | ST| D6 | 7—30 | 
eps {OR (immediate) IsI c [ A [ | ST 96 1 7—30 
|OR | OR IRR C | | | R | 16 | 7-30 | 
| PACK | PACK {ss | A | | ST|[ F2 | 7-31 | 
| PC | PROGRAM CALL 1s pUIJO AT (Pc T ¢ SO|B R XT[B218 [10-21 | 
Se 
| PT | PROGRAM TRANSFER |RRE DUIQ AT SP|PA T ¢  SO[B XT|B228 [10-28 | 
|PTLB | PURGE TLB |S TR|P | $ | {B20D |10—33 | 
IRDD |READ DIRECT {SI DC|P At | $ | SD| 85 | 10—33 | 
| RRB |RESFT REFERENCE BIT |S C TRIP A! | | {B213 |10—34 | 
Is | SUBTRACT [RX C | A | IF | R [5B | 7-37 | 
--—_—__ + tet 
ISAC  |SET ADDRESS SPACE CONTROL |S DU | SP | ¢ SsOo| 1B219 |10—34 | 
ISCK |SET CLOCK |S Cc IP A SP | | {| B204 |10-—35 | 
|SCKC |SET CLOCK COMPARATOR |s CK|P A SP | | |{B206 |10—36 | 
ISD |SUBTRACT NORMALIZED (long) |RX Cc FPI| A SP|EU EO LS| | 6B | 9-15 | 
[SDR |SUBTRACT NORMALIZED (long) IRR Cc FP SP|EU EO LS| | 2B 19-15 | 
HHH 
|SE [SUBTRACT NORMALIZED (short) IRX Cc FP| A SP|EU EO LS | | 7B | 9-15 | 
|SER | SUBTRACT NORMALIZED (short) {RFR Cc FP| SP] EU EO LS | | 3B | 9-15 | 
| SH | SUBTRACT HALFWORD [RX C | A | IF | R | 4B | 7-38 | 
|SIGP | SIGNAL PROCESSOR IRS Cc MP|[P | $ | R | AE {10-42 | 
| SIO | START I/O [5 Cc |P | $ | | 9CO0*] 12—25 | 
-———— TH AH HR tH 
[SIOF |START 1/0 FAST RELEASE Is Cc |P l $ | {9C01*112-25 | 
[SL  |SUBTRACT LOGICAL IRX Cc | A I | R {5F |7-38 | 
[SLA | SHIFT LEFT SINGLE IRS Cc | | IF | R 1 8B | 7-33 1 
|SLDA |SHIFT LEFT DOUBLE {RS C | SP | IF | R | 8F | 7-32 | 
{SLDL |SHIFT LEFT DOUBLE LCGICAL [RS | SP | | R | 8D | 7-32 | 
| es lem —E———E——SSSSSSSS SS eee. ee eee ee | 
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CO rr ee ee ee a ae CS Oe a Te ee a eT ee OPE. ee Pe Te eS Te ye Tee on 








[Mne— | l | Op | Page 
|monic| Name | Characteristics |Code | No. 
-——_t—--- A ea root dt 
{SLL |SHIFT LEFT SINGLE LOGICAL [RS | | | R | 89 | 7-33 
|SLR |SUBTRACT LOGICAL IRR C | | | R | 1F | 7-38 
[SP | SUBTRACT DECIMAL Iss c { A {D ODF | ST| FB | 8—12 
|SPKA {SET PSW KEY FROM ADDRESS |S PKIQ | | |B20A |[10—37 
ISPM |SET PROGRAM MASK [RR L | | | | O04 | 7-31 
|SPT |SET CPU TIMER |S CKIP A SP| | {B208 |10—36 
| SPX [SET PREFIX |S MP|P A SP | $ | {[B210 |10—36 
[SR | SUBTRACT |RR C | | IF | R | 1B | 7-37 
ISRA |SHIFT RIGHT SINGLE IRS Cc | | | R | 8A {7-34 
|SRDA |SHIFT RIGHT DOUBLE IRS C | SP | | R | 8E |7—34 
ee a 
{SRDL | SHIFT RIGHT DOUBIE LICGICAL [RS | SP | | & | 8c | 7-34 
|S RL | SHIFT RIGHT SINGLE LCGICAL [RS | | | Rk | 88 | 7-35 
ISRP [SHIFT AND ROUND DECIMAL Iss Cc | A {D DF | ST| FO | 8—11 
|SSAR | SET SECONDARY ASN | RRE DU | AT |SA T ¢€ SO| ST|B225 |10-38 
|SSK | SET STORAGE KEY |RR IP A SPI 4 | | 08 |, 10—41 
-—_——_t+--—__—_- 
|SSM |SET SYSTEM MASK |S IP A SP | so] | 80 | 10—4 1 
|ST | STORE [RX | A | | ST|[ 50 {| 7—35 
|STAP |STORE CPU ADDRESS |S MP|P A SP | | ST[B212 |10—44 
1STC |STORE CHARACTER [RX | A | | ST 42 | 7-35 
|STCK |STORE CLOCK |S Cc | A | $ | ST|[B205 |7—36 
|STCKC| STORE CLOCK COMPARATOR |S CKIP A SP | | ST|B207 | 10-43 
|STCM | STORE CHARACTERS UNDER MASK [RS | A | | ST| BE | 7-35 
|STCTL|STORE CONTROL [RS IP A SPI | ST| B6 110-43 
[STD |STORE (long) [RX FP | A SPI | ST| 60 {9-14 
ISTE |STORE (short) {RX FP | A SP | | ST| 70 | 9-14 
Oa ee ee 
|STH {STORE HALFRORD |RX | | | STI 40 | 7-37 
|STIDC|STORE CHANNEL ID |S Cc | P | $ | {B203 |12—28 
|STIDP|STORE CPU ID Is IP A SPI | ST|[B202 | 10-44 
{STM |STORE MULTIPLE [RS | A | | ST| 90 | 7-37 
|STNSM| STORE THEN AND SYSTEM MASK {ST TR{P A | | ST] AC }10—45 
——_ +t tt tH 
|STOSM|STORE THEN OR SYSTEM MASK {|sSI TRIP A SP | | ST| AD 110-46 
|STPT |STORE CPU TIMER |S CK|[P A SP | | ST|B209 |10—45 
[STPX | STORE PREFIX |s MP|P A SP | | ST|B211 | 10—45 
{sv | SUBTRACT UNNORMALIZED (short) {RX CC FP| A SPI EO LS | | 7F | 9-15 
|SUR | SUBTRACT UNNORMALIZED (short) {RR CC FP SP | EO LS | | 3F | 9-15 
SSE ee eS SS 
[Svc | SUPERVISOR CALL |RR | | ¢ | | OA | 7-39 
[SW {SUBTRACT UNNORMALIZED (long) [RX CC FPI| A SP| EO LS | | 6F {9-15 
|SWR | SUBTRACT UNNORMALIZED (long) IRR Cc FP| SP | EO LS | | 2F | 9-15 
|SXR | SUBTRACT NORMALIZED (extended) IRR CC XP| SP|EU EO LS | | 37 | 9—15 
|TB | TEST BLOCK |IRRE C TBIP A! | $ II R {|B22C |10—46 
_ ett 
ITCH |TEST CHANNEL |s Cc |P | $ | | 9FOO*| 12—29 
| TIO | TEST 1/0 |S Cc |P | $ | | 9D00*| 12—29 
{TM |TEST UNDER MASK ISI Cc | A | | | 91 | 7-39 
|TPROT| TEST PROTECTION [SSE C EF|IP At! | | [E501 | 10-48 
| TR | TRANSLATE {Ss | A | | ST| DC | 7-40 
es i —_}—_— 
ITRT |TRANSLATE AND TEST iss Cc | A | | R | DD | 7-41 
{TS {TEST AND SET |S Cc | A | $ | ST| 93 | 7-39 
|UNPK |UNPACK [ss | A | | ST| F3 | 7-41 
IWRD |WRITE DIRECT | STI DC|P A! | $ | | 84 }10—4a9 
|X | EXCLUSIVE OR |RX C | A | | R (57 | 7-18 
L a a ee ee ee, ee a a ee ee a Ses mae | 
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rr. ee 
|Mne— | 
|monic| 


+ 
|xc | EXCLUSIVE OR 
(XI | EXCLUSIVE OR 
{XR [EXCLUSIVE OR 
{ZAP {ZERO AND ADD 


Ee Gey TE ee EE RN OE ee eae Ee Te, ee Ge eT Oe Rey ge Ve Toy eG! | aN ee 


Nane 


(character) 
(immediate) 


ISS C 
IST C 
IRR C 
Iss Cc 
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| Op | Page 
Characteristics {Code | No. 
A | | ST| D7 | 7-18 
A | | ST|97 17-18 
| | Rk | 17 | 7—18 
A |D DF | ST|FS8 | 8—12 


Appendix B. 


Lists of Instructions B-11 





a ea at oats SSS Se ee eam | 
}Op \ |Mne— | | Page | 
[Code | Name |monic| Characteristics | No. [ 
; ne Sar Came ee (as 
[04  |SET PROGRAM MASK [SPM |RR L i } | 7-31 
| 05 | BRANCH AND LINK |BALR [RR | | |B R | 7-9 | 
106 | BRANCH ON COUNT |BCTR | RR { [ IB R | 7-11 | 
107  |BRANCH ON CONDITION [BCR [RR €1 |B {7-10 | 
108  |SET STORAGE KEY ISSK [RR IP At SP| ¢ | 110-41 | 
ss 
}09 {INSERT STORAGE KEY [ISK {RR | SP | { R 410-9 | 
{OA  |SUPERVISOR CALL IS¥C [RR | { ¢ 17-39 | 
[0D  |BRANCH AND SAVE [BASR |RR BS| | IB R [7-9 l 
[OE  |MOVE LONG [M¥CL [RR C SP | IIj R St{ 7-25 | 
|OF  |COMPARE LOGICAL LONG {|CLCL [RR C l SP | II] R |{7-15 | 
-—__+—_——_ SS SSS SS 
110 {LOAD POSITIVE [LPR |RR C | | IP | R | 7-23 r 
}11 | LOAD NEGATIVE [LNR |RR CC -f| l | R  |7-23 | 
[12 |LOAD AND TEST JLTR |RR C r | | R 17-21 | 
}13 | LOAD COMPLEMENT [LCR |RR C | [ IF | R | 7-22 | 
[14 | AND [NR [RR C r | R | 7—8 i 
ara SS ee Se 
115 {COMPARE LOGICAL [CLR |RR C | | | | 7—14 | 
116 | OR [OR [RR C | | R | 7-30 " 
117 |EXCLUSIVE OR 1XR [RR C [ 1 R <|7-18 | 
j;18 | LOAD [LR | RR | | | R | 7-21 | 
{19 | COMPARE [CR [RR C | | [ | 7-12 | 
-——__-_-1-——-—________-—-—_____ 1 tH 
{iA | ADD | AR |RR C | | IF | R | 7-7 | 
{1B | SUBTRACT ISR [RR C | | IF | R | 7-37 | 
[1c | MULTIPLY [MR | RR { SP| | R | 7-29 r 
{1D | DIVIDE | DR | RR | oP | IK | R | 7-18 | 
{15 | ADD LOGICAL {ALR [RR C | | | R | 7—8 | 
SS SS ————— ee 
{\1F  |SUBTRACT LOGICAL ISLR |RR C | | R {7-38 | 
120 [LOAD POSITIVE (long) [LPDR [RR C_ FP| SP | r {9-12 | 
$21 [LOAD NEGATIVE (long) ILNDR [RR C_ FP| SP | | | 9-12 | 
{22 {LOAD AND TEST (long) |LTDR |RR C_ FP| SP | | | 9-11 | 
{23 {LOAD COMPLEMENT (long) [LCDR |RR C_ FP| SP | {9-11 | 
124 |HALVE (long) [HDR [RR FP | SP | EU | {9-10 | 
[25 [LOAD ROUNDED (extended to long) |LRDR [RR XP | SP | EO | {9-12 | 
; 26 | MULTIPLY (extended) |MXR [RR XP] SP|[EU EO | | 9-13 | 
|27 {MULTIPLY (long to extended) |MXDR |RR XP | SP|EU EO { | 9-13 | 
428 [LOAD (long) [LDR |RR FP | SP | I | 9-10 { 
A Pe Se SE As Se Bee 
129 |COMPARE (long) JCDR [RR C_ FP| SP | ( | 9-8 | 
{2A  |ADD NORMALIZED (long) [ADR |RR C_ FP| SP|EU EO LS| |9-6 | 
[2B |SUBTRACT NORMALIZED (long) ISDR [RR C_ FP SP|EU EO LS| 19-15 | 
[2C  |MULTIPLY (long) [MDR |RR FP | SP|EU EO | (9-13 | 
[2D |DIVIDE (long) [DDR [RR FP | SP{EU EO FK | 19-9 { 
ea 
|2E {ADD UNNORMALIZED (long) |AWR {RR C_ FP| SP | EO LS| | 9-7 | 
|2F  |SUBTRACT UNNORMALIZED (long) ISWR |RR CFP SP | EO LS| 19-15 | 
{30 {LOAD POSITIVE (short) {LPER |RR C_ FP| SP | | | 9-12 | 
{31 {LOAD NEGATIVE (short) |LNER |RR CC FP| SP | | | 9-12 | 
{32 {LOAD AND TEST (short) {LTER |RR C_ FP| SP | | {9-11 | 
{33 {LOAD COMPLEMENT (short) JLCER |RR C_ FP SP | | | 9-11 | 
134 |HALVE (short) [HER |RR FP | SP | EU | | 9-10 | 
135 [LOAD ROUNDED (long to short) |LRER |RR XP SP | EO { 19-12 
{36 {ADD NORMALIZED (extended) |AXR |RR C XP| SP|EU EO LS | | 9—6 | 
137 | SUBTRACT NORMALIZED (extended) {SXR |[RR C XP| SP|EU EO LS| | 9-15 | 
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| Ee ee a ee ee a ee ee ee ee ee Loe ees, ee 
|Op 1 [Mne— | | Page | 
[Code | Nane | monic | Characteristics | No. | 
-——_—_-+—______—____—_——_—__———_— re m_—- 

{38 {LOAD (short) | LER | RR FP | SP | | | 9-10 | 
139 | COMPARE (short) [CER {RR CFP SP | | 9-8 l 
| 3A |ADD NORMALIZED (short) | AER IRR CC FP| SP|EU EO LS | | 9-6 | 
| 3B |SUBTRACT NORMALIZED (short) |S ER {RR C FP| SP|EU EO LS | | 9-15 | 
| 3c | MULTIPLY (short to long) | MER | RR FP | SP|[EU EO | | 9-13 | 
aS See 

[3D  |DIVIDE (short) [DER |RR FP | SP[EU EO FK_ | 19-9 
[3E |ADD UNNORMALIZEC (short) [AUR |RR CFP SP | EO LS| | 9—7 
|3F | SUBTRACT UNNORMALIZED (short) [SUR |RR CFP SP| EO LS| 19-15 | 
{40 | STORE HALFWORD [STH |RX { A | { ST | 7-37 | 
141 | LOAD ADDRESS [LA | RX | " | R | 7-21 | 








{42 | STORE CHARACTER IsSTC |RX | A { | ST| 7-35 | 
(43 [INSERT CHARACTER jIc | RX [ A [ | | 7-20 | 
144 | EXECUTE | EX | RX | AI SP| EX| 17-19 | 
(45 | BRANCH AND LINK [BAL |RX [ { |B R | 7-9 { 
146 | BRANCH ON COUNT {BCT |RX | | (BR {7-11 | 
ae SS SS 
{47 | BRANCH ON CONDITION [BC [RX | | [B 17-10 | 
(48 | LOAD HALFWORD | LH | RX | A { | R | 7-22 [ 
149 | COMPARE HALFWORD | CH [RX C [ A [ [ {7-14 | 
(4A |ADD HALFWORD | AH [RX C | A | IF {| R | 7-7 | 
{4B | SUBTRACT HALFWORD (SH [RX C | A | IF {| R | 7-38 | 
-———_+—_ eS ee a a Ss 
{4c | MULTIPLY HALFWORD | MH | RX [ A { | R | 7-29 [ 
14D | BRANCH AND SAVE [BAS [RX BS| | IB R 17-9 | 
| 4E |CONVERT TO DECIMAL [CVD |RX | A { | ST| 7-17 | 
| 4F |CONVERT TO BINARY |CVB {RX | A [D IK | R | 7-17 | 
[50 | STORE (ST | RX i A [ | ST{ 7-35 | 
SSS SS SS et 
[54 | AND [N [RX C | A | | R | 7-8 [ 
[55 | COMPARE LOGICAL [CL {Rx C { A ] { {7-14 | 
156 | OR Ke | RX C | A | 1 R | 7-30 [ 
{57 | EXCLUSIVE OR |x JRX C | A [ | R | 7-18 | 
{58 | LOAD [L | RX | A { | R | 7-21 { 
Se ee ee 
(59 | COMPARE |c [RX Cc [ A | [ | 7-12 [ 
{5A | ADD [A [RX C | A { IF | R | 7-7 | 
{5B | SUBTRACT {Ss [RX C | A [ IF | R | 7-37 | 
[5c | MULTIPLY | M | RX | A SPI | R | 7-29 { 
{5D | DIVIDE |D | RX [ A SP| IK | R | 7-18 | 
——S a Sn SE RR GE SE 
{[5E | ADD LOGICAL [AL (RX C | A [ | R 17-8 { 
| 5F | SUBTRACT LOGICAL ISL 1RX C | A [ | R | 7-38 | 
160 |STORE (long) ISTD |RX FP | A SP| [ ST| 9-14 | 
|67 {MULTIPLY (long to extended) IMXD |RX XP | A SP|[EU EO | | 9-13 | 
[68 !LOAD (longq) [LD | RX FP | A SPI | {9-10 | 
—_—_——— eee na eS 
[69 | COMPARE (long) [CD 1RX Cc FP A SP| | | 9-8 [ 
16A | ADD NORMALIZED (long) [AD [RX Cc FP A SP|EU EO LS| | 9-6 [ 
[6B | SUBTRACT NORMALIZED (long) ISD |RX C. FP| A SP|EU EO LS| | 9-15 [ 
[6c {MULTIPLY (long) [MD | RX FP | A  SP|[EU EO | | 9-13 1 
16D | DIVIDE (long) [DD | RX FP | A SP|EU EO FK { {9-9 | 
|6E [ADD UNNORMALIZED (long) | aW [RX CFP A SP| EO LS | | 9-7 | 
[6F [SUBTRACT UNNORMALIZED (long) [SW [RX C FP A SP| EO LS| 19-15 | 
170 [STORE (short) ISTE |RX FP | A SP| | ST] 9-14 [ 
178 [LOAD (short) [LE | RX FP | A SPI { | 9-10 | 
{79 {COMPARE (Short) {CE [RX Cc FP| A SP| | | 9-8 [ 
fe — ee ee eS ee a ee | 
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gg ee a a ge ae ne ee pe a Re Ee ey ee 





|Op | [Mne— | | Page | 
|Code | Name |monic| Characteristics | No. | 
--—————-++———_ OOo I _ eee eee eee en eee 
|7A | ADD NORMALIZED (short) [AE  |RX C FP A SP|EU EO LS| | 9—6 | 
| 7B | SUBTRACT NORMALIZED (Short) ISE 1RX CC FPI| A SP|EU EO LS | | 9-15 | 
| 7c | MULTIPLY (short to long) {ME  |RX FP | A SPJEU EO { {9-13 | 
[7D  |DIVIDE (short) [DE [RX FP | A SP{EU EO FK | 19-9 
| 7E {ADD UNNORMALIZED (short) {AU [RX C FP| A SP| EO LS| | 9-7 [ 
-—_t--_-_-__—_—__—_—_-——_ 

| 7F | SUBTRACT UNNORMALIZED (short) {Suv {RX C FP| A SP | EO LS | 19-15 | 
| 80 |SET SYSTEM MASK |SSM BS) IP A SP | SOoO| | 10—41 | 
| 82 | LOAD PS |LPSW |S L IP A SPI ¢ | {10-17 | 
| 83 | DIAGNOSE { { DM |P DM i I 110-5 | 
| 84 | WRITE DIRECT | WRD {SI DC{P A! | $ | {10-49 | 
ff 
185 |READ DIRECT | RDD | SI DC|IP At | $ | SD[{ 10—33 | 
| 86 | BRANCH ON INDEX HIGH | BXH {RS | | |B R | 7-11 | 
| 87 | BRANCH ON INDEX LOW OR EQUAL |BXLE [RS | | {B R | 7—11 | 
| 88 | SHIFT RIGHT SINGLE LOGICAL {SRL {RS | { | R {7-35 | 
189 | SHIFT LEFT SINGLE LOGICAL [SLL [RS | | R | 7-33 
t+—_—_+>-————_—_—_——_ oO TOO HE EH HH 

| SA | SHIFT RIGHT SINGLE [SRA IRS cC | | | R | 7-34 | 
| 8B | SHIFT LEFT SINGLE ISLA {RS C | | IF | R {7-33 | 
{8c | SHIFT RIGHT DOUBLE LOGICAL |SRDL | RS | SP | | R | 7—34 | 
| 8D | SHIFT LEFT DOUBLE LCGICAL ISLDL [RS | SP | | R | 7—32 | 
| 8E | SHIFT RIGHT DOUBLE ISRDA {RS C | SP | | R | 7—34 | 
tC Or iO nk ek —-— cE | et th ee Hees 
[SF | SHIFT LEFT DOUBLE ISLDA [RS C | SP| IF | R | 7-32 | 
190 |STORE MULTIPLE |STM | RS | A | | STI 7-37 | 
(91 [TEST UNDER MASK | TM {SI Cc | A | | | 7-39 | 
{92 [MOVE (immediate) IM¥I [SI A | ST| 7-24 { 
}93 | TEST AND SET |TS |S C | A | $ | ST| 7-39 | 
-—_—__t________———————— OOOO ee ee ee 

|94 |AND (immediate) | NI {SI Cc | A | | ST| 7-8 | 
{95 | COMPARE LOGICAL (immediate) | CLI ISI Cc | A | | | 7—14 | 
196 {OR (immediate) }OI {ST C | A | | ST| 7—30 | 
|97 | EXCLUSIVE OR (immediate) | XI {SI C | A | | ST| 7-18 | 
198 |LOAD MULTIPLE [LM [RS | A [ | R | 7-22 | 
|——— a dt 

|9COO*| START I/0 [sIo |S Cc [P [ $ [ 112-25 | 
|9C01*| START I/O FAST RELEASE {|SIOF |S C | P | $ | | 12-25 | 
|9D00*| TEST 1/0 {TIO |S Cc |P $ | {12-29 | 
|9D01*|CLEAR I/0 | CLRIO|S Cc |P | $ | {12-17 | 
|9EOO*|HALT I/0 | HIO |S C |P | $ | | 12—22 | 
-—————_-_—_ tt eee 2 2 
{9EO1*|HALT DEVICE |HDV {Ss Cc | P | $ | 112-19 | 
|9FO0*| TEST CHANNEL {TCH [S Cc | P | $ | {12-29 | 
|9FO01*| CLEAR CHANNEL |CLRCHIS C RE|P | $ | }12—16 | 
{AC | STORE THEN AND SYSTEM MASK |STNSM |] ST TRIP A | | ST|[ 10-45 | 
[AD |STORE THEN OR SYSTEM MASK |STOSM| SI TRIP A SPI ST[10-46 | 
+—__+--___—_——_—_—____-_-—-—- eee tet 
[AE | SIGNAL PROCESSOR [SIGP |RS C MPI[P | $ | R 110-42 | 
| AF |MONITOR CALL JMC | SI | SP | MO| | 7-23 | 
|B1 {LOAD REAL ADDRESS | LRA 1RX C TRIP A! | | R |10—17 | 
{B200 |CONNECT CHANNEL SET | CONCS|S C CS|P | | }10—5 { 
|B201 | DISCONNECT CHANNEL SET | DISCS|S C CS|P | | | 10—6 | 
-——_—__—_-—_—___ OOOO OO eee et et HM Hj 
|B202 | STORE CPU ID [STIDP|S \P A SPI | STI10-44u | 
{}B203 |STORE CHANNEL ID |STIDC|S C | P | $ [ {12—28 | 
{B204 |SET CLOCK |SCK |S Cc |P A SP | | | 10-35 | 
1B205 |STORE CLOCK ISTCK {S Cc { A $ | ST| 7-36 
{B206 | SET CLOCK COMPARATOR |SCKC {5S CKIP A SP | | | 10-36 { 
Un a se a ee ee ee 
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FS ee Sp a eT ee ee tn Ce Ae eR ke ee a ae ee Se a ye eee ee 


| Op | [Mne— | | Page | 
|Code | Name | monic | Characteristics | No. [ 
_ mt a] 1 rt 
[|B207 |STORE CLOCK COMPARATOR |STCKC|S CK|P A_ SP| | ST| 10-43 | 
|B208 |SET CPU TIMER {SPT |S CKIP A_ SP| | {10-36 | 
|B209 {STORE CPU TIMER |STPT |S CKIP A_ SP| | ST|10-45 | 
{B20A |SET PSW KEY FROM ADDRESS |SPKA |S PK|Q | | {10-37 | 
|B20B |INSERT PSW KEY {|IPK |S PK|Q | | R | 10-8 | 
{|B20D |PURGE TLB {|PTLB |S TR|P { $ | {10-33 | 
{B210 |SET PREFIX [SPX |S MPIP A SPI $ 110-36 | 
|B211 | STORE PREFIX |STPX |S MPIP A SFI | ST|[10—45 | 
{B212 |STORE CPU ADDRESS |STAP {S MP({P A_ SP| | ST[10-—44 || 
|B213 |RESET REFERENCE BIT [RRB {S C TRIP A! [ | {10-34 | 
+ 
{B218 | PROGRAM CALL [Pc Is DDU|Q AT {PC T ¢ SO(B R XTI|10—21 | 
{B219 | SET ADDRESS SPACE CONTROL ISAC |S DU | SP | ¢ SO| }10-34 | 
[B221 | INVALIDATE PAGE TABLE ENTRY | IPTE |RRE EF|P A! | $ | {10-10 | 
[B223 | INSERT VIRTUAL STORAGE KEY [| IVSK |RRE DUIQ A! | SO| R |10—9 | 
[|B224 |INSERT ADDRESS SPACE CONTROL [IAC |RRE C DUIQ | SOo| R | 10—7 | 
+—__+—_______-——___—_—-—- eee. Ca ee 
{B225 |SET SECONDARY ASN ISSAR | RRE DU | AT [SA T ¢ SO| ST|[10-—38 | 
{B226 | EXTRACT PRIMARY ASN | EPAR | RRE DUIQ | SO| R | 10—6 | 
|B227 |EXTRACT SECONDARY ASN {ESAR |RRE DUIQ | SO| R | 10-7 | 
{|B228 | PROGRAM TRANSFER |PT | RRE DUIQ AT SP|PA T ¢ SO|B XT] 10-28 | 
{B22C |TEST BLOCK (TB |RRE C TB[P At | $ II| R {10-46 | 
SSS SSS SS ES 
1B6 |STORE CONTROL [| STCTL|RS P A_ SPI ST[ 10-43 | 
|B7 | LOAD CONTROL {LCTL |RS IP A SP| | {10-16 | 
|BA {COMPARE AND SWAP |csS IRS Cc S| A SP| $ { R STI 7-12 | 
{BB | COMPARE DOUBLE AND SWAP ICDS  |RS C W A SP| $ | R ST[7—12 | 
| BD | COMPARE LOGICAL CHARACTERS UNDER MASK|ICLM |RS C A | | {7-15 | 
ae ee Ee eee eee 
[BE {STORE CHARACTERS UNDER MASK |STCM |RS | A | | ST| 7-35 | 
| BF | INSERT CHARACTERS UNDER MASK [ICM  |RS C | A | | R {7—20 | 
[D1 {MOVE NUMERICS (MWN [SS A [ ST | 7-27 \ 
[D2 |MOVE (character) {MVC |SS | A { | ST| 7—24 | 
|D3 | MOVE ZONES IM¥Z  |sSSs | A [ ST| 7-28 | 
SS ee ee 
|D4 |AND (character) Inc {ss Cc | A | ST| 7-8 | 
[D5 | COMPARE LOGICAL (character) ICLc {SS Cc { A | | | 7-14 
[D6 {OR (character) loc  |ss Cc A { ST{ 7-30 | 
[D7 | EXCLUSIVE OR (character) Ixc «Ss Cc | A \ | ST| 7-18 [ 
[D9 [MOVE WITH KEY IMVCK 1SS Cc DUIQ A " [ ST[10-20 | 
Se 
[DA | MOVE TO PRIMARY [MV¥CP |SS C pDUIQ A? | ¢ sO ST[10-18 | 
{DB | MOVE TO SECONDARY IMV¥CS ISS cC DUIQ A? | ¢ SO| ST|10-—18 | 
[DC | TRANSLATE [TR Iss | A | ST| 7-40 [ 
[DD | TRANSLATE AND TEST |TRT [SS C | A [ | R 17-41 | 
[DE |EDIT IED «SS Cc \ A [D | ST| 8—6 | 
SS SS SS 
[DF |EDIT AND MARK [EDMK {SS C | A 1D | R ST|[8—10 l 
[E500 | LOAD ADDRESS SPACE PARAMETERS |LASP [SSE C DUIQ AS SP| SO| {10-11 | 
|E501 | TEST PROTECTION |TPROT|SSE C EF|P A! | | {10-48 | 
[E8 |MOVE INVERSE | MYCIN|SS MI| A \ | ST| 7-24 { 
| FO |SHIFT AND ROUND LCECIMAL ISRP |SS C | A |D DF | ST | 8—11 | 
SSS SS SS 
|F1 |MOVE WITH OFFSET |MvO |SS | A | | ST| 7-28 | 
[F2 | PACK [PACK | SS | A | | ST| 7-31 | 
[F3 | UNPACK [UNPK | SS [ A | | ST| 7-41 r 
|F8 {ZERO AND ADD IZAP  |SS C | A {D DF | ST| 8-12 | 
|F9 | COMPARE DECIMAL | CP (ss -¢C | A | D | | 8—5 | 
SS hee eee LS LL Le ee 
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Gre pe TE EO ig ae Ge eg = NO SS NP ER Me ey A ST Be ge eR ae BR OE ee TT BT gat Uy TB ae go Tay 


{Op | [Mne— | | Page | 
{Code | Nane |monic| Characteristics | No. | 
-—_—_—_t+--_—_———— — 2 

|FA | ADD DECIMAL {AP {ss Cc | A |D DF | ST| 8—5 | 
|FB | SUBTRACT DECIMAL | SP [ss C | A |D DF | ST] 8—12 | 
| FC | MULTIPLY DECIMAL | MP {ss | A SP|D | ST|8—10 | 
| FD | DIVIDE DECIMAL | DP |ss | A SPI|D DK | ST| 8—5 | 
Ga eo eRe ee ee ee) ce (LE eS (EE ORR es ON ee 2 EN ee OE 





Instructions Arranged by Operation Code (Part 5 of 5) 


(ect re en ep eg yp ie Sep ae sae ee ote ee ge Ge ge a ge og Sg ee a oe ge a ee a oe og 
| [Mne— | | Op | Page | 
| Name |monic| Characteristics {Code | No. | 
—_—_-_______ OO EHO oOo ene nk _ eS—O ft 
| BRANCH AND SAVE {|BASR |RR BS| | |B R | OD | 7-9 | 
|BRANCH AND SAVE | BAS |RX BS] | |B R | 4D | 7-9 | 
a et 


Instructions Arranged by Features: Branch and Save 


(rege ee Cys ee a a ONT a Ny es a Sy | Re ane ee ee ee A A ES re ge Ee ee we ee 
| [Mne— | | Op | Page | 
| Name |monic| Characteristics |Code | No. { 
hn an a ae ae aca a Cen! Sr nen Gene enee,| 
[CONNECT CHANNEL SET |CONCS|S C CS{P I I {B200 410-5 | 
| DISCONNECT CHANNEL SFKET | DISCS|S C CS|P | | |B201 {10-6 | 
a a ee ee 


Instructions Arranged by Feature: Channel—Set Switching 
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T~ ee eS ee ee oe 
| [Mne— | | Op | Page | 
| Name |monic| Characteristics |Code | No. { 
ee ———_————————_—_——__ + —_— - asa ro S— oH Ht 
| ADD | AR {RR C | | IF | & [1A {7-7 | 
| ADD [A IRX C A | IF | R [5A | 7-7 | 
| ADD DECIMAL | AP Iss Cc | A 1D DF | ST| FA | 8—5 | 
J}ADD HALFWORD | AH [RX C | A | Le | [4A | 7-7 | 
[ADD LOGICAL [ALR [RR C { | | R {15 | 7-8 
he ———$- —— | tt ——_+———_+--—- +———— 
{ADD LOGICAL | AL [RX C | A { | R | 5E | 7-8 | 
| AND [NR IRR C [ { | R ,14 17-8 | 
| AND | N [RX C | A | | R {54 | 7-8 | 
[AND (character) | NC Iss Cc | A | | ST|[D4& | 7-8 | 
JAND (immediate) | NI IST Cc | A | | ST[ 94 | 7-8 | 
| el — SSS SS SSS SS —+———_HI 
| BRANCH AND LINK |BALR [RR | | |B R {05 | 7-9 | 
| BRANCH AND LINK {BAL |RX | | |B R 145 | 7-9 | 
|BRANCH ON CONDITION {BCR |RR | | gi |B {07 | 7-10 | 
| BRANCH ON CONDITION | BC | RX | | |B 147 | 7-10 | 
|BRANCH ON COUNT |BCTR |ER | IB R [06  |7-11 |{ 
ee SS 

| BRANCH ON COUNT [BCT {RX i | [B R 146 {7-11 
| BRANCH ON INDEX HIGH |BXH |RS | | {|B R | 86 | 7-11 | 
|BRANCH ON INDEX LOW OR EQUAL | BXLE |RS | | {|B R | 87 | 7-11 | 
|CLEAR I/0 |CLRIO|S Cc |P | $ | |9D01*[( 12-17 | 
|COMPARE ICR {RR C | 119 |7-12 | 
SSS SS ee eS ee 
| COMPARE [Cc IRX C | A | | {59 | 7-12 | 
|COMPARE DECIMAL {CP Iss Cc | A | D | | F9 | 8—5 | 
J|COMPARE HALFWORD | CH [RX C | A | | | 49 | 7-14 | 
{COMPARE LOGICAL [CLR |RR C | | {15 {7-14 | 
[COMPARE LOGICAL [CL  |RX C 1 oA | | 155 |7-14 | 
eH eee eo eH tH eH HH 

{COMPARE LOGICAL (character) | CLC iss Cc | A | | | D5 | 7-14 | 
{COMPARE LOGICAL (immediate) {CLI {SI C | A | | 195 | 7-14 | 
|COMPARE LOGICAL CHARACTERS UNDER MASK|ICLM [RS C | A | | | BD | 7-15 { 
|COMPARE LOGICAL LONG {CLCL [RR C | A SPI II| R | OF {7-15 | 
{CONVERT TO BINARY |CVB [RX | A |D IK | R | 4F | 7-17 | 
SS ee ee 
|CONVERT TO DECIMAL [CVD [RX | A | | ST|[4E | 7-17 | 
| DIAGNOSE DM (P DM { 183 110-5 
| DIVIDE | DR [FR | SP | IK | R [1D | 7-18 | 
| DIVIDE |D [RX | A SPI IK | & {5D {7-18 | 
{DIVIDE DECIMAL | DP {ss | A SP|D DK | ST| FD | 8—5 | 
aa a a 
[EDIT | ED Iss Cc A |D { ST| DE | 8—6 
|EDIT AND MARK |EDMK |SS C { A |D | R ST|DF 18-10 | 
| EXCLUSIVE OR [XR IRR C \ [ | R 117 {7-18 
{EXCLUSIVE OR |x IRX C | A | | & | 57 | 7-18 | 
[EXCLUSIVE OR (character) | xc Iss Cc { A { STID7 | 7-18 

SSS SSS 

[EXCLUSIVE OR (immediate) | XI isI Cc | A | | STJ97 = =|7-18 | 
{EXECUTE | EX (RX AI SP| EX| (44 17-19 | 
{HALT DEVICE | HDV |S Cc |P | $ | | 9E01*4| 12-19 | 
[HALT 1/0 |HIO |S c¢c |P l $ | | 9EOO*|12—22 | 
[INSERT CHARACTER {Ic [RX A | 1 R (43 4|7-20 1 


tj} tt tH tt 


[INSERT CHARACTERS UNDER MASK 


{INSERT 
| LOAD 
| LOAD 


[LOAD AD 
L_ 


Instructions Arranged Ly Feature: 


STORAGE KEY 


DRESS 


[IcM {RS c | oA | R |BF 47-20 | 
{ISK [RR IP Al SP | R [09 410-9 | 
{LR [RR | R (18 {7-21 
LL {RX | oA r ( R {58 |7-21 | 
{LA |RX 1 oR {41 17-21 


Commercial Instruction Set (Part 1 of 3) 


Appendix B. Lists of Instructions B-17 


l [Mne— | | Op | Page | 
[ Name | monic | Characteristics |Code | No. | 
JLOAD AND TEST [LTR {RR C [ [ | [12 | 7-21 ] 
[LOAD COMPLEMENT JLCR |RR C | [ IF | R [13 17-22 [ 
{LOAD CONTROL [LCTL |RS IP A SPI [ | B7 {10-16 | 
{LOAD HALFWORD [LH [RX | A | R  |48 |7-22 | 
|LOAD MULTIPLE ILM {RS | A | | R |98 47-22 | 
\eeeaeamelad avy " 1 

[LOAD NEGATIVE ILNR {RR C | | R {11 | 7-23 [ 
{LOAD POSITIVE ILPR [RR C [ [ IF | R 110 | 7-23 \ 
[LOAD PSW {LPSW (|S L IP A SP| ¢ { | 82 {10-17 | 
({MONTTOR CALL [MC [SI SP | MO| | AF [7-23 r 
[MOVE (character) [MVC {SS | A [ ] ST| D2 | 7-24 [ 
[MOVE (immediate) INVI [SI | A [ | ST| 92 {7-24 [ 
{MOVE LONG [MVCL [RR C [ A SP| II] R ST|OE | 7-25 I 
[MOVE NUMERICS [MVN [SS [ A [ | ST| D1 | 7-27 | 
|MOVE WITH OFFSET (4vVO {SS | A | | ST| F1 | 7-28 [ 
[MOVE ZONES [uvzZ «SS [ A [ | ST| D3 | 7-28 { 
 eaeaenmanianenenmmesemnenecmeneemenisenemenann monmemeemnemmennieinneien Rennes bene ie meee SaemeeneE 

| MULTIPLY [MR [RR | SP | | R [1c | 7-29 | 
| MULTIPLY [M [RX [ A SP| | R [5c {7-29 { 
[MULTIPLY DECIMAL [MP iss [ A SPID [ ST| FC | 8—10 [ 
{MULTIPLY HALPWORD (4H | RX | A | | R , 4c | 7-29 | 
|OR [OR IRR C | | | R 116 |7-—30 { 
{OR ie) IRX Cc [ A { | R 156 {7-30 | 
1OR (character) joc Iss c [ A | [ ST| D6 | 7-30 [ 
{OR (immediate) | OI ISI c | A | | ST| 96 | 7-30 | 
| PACK [PACK |SS | A | [ ST| F2 {7-31 [ 
ISET CLOCK {SCK {|S Cc IP <A SP| | {}B204 {10-35 | 
 ssanteamabeaseh denied tdenmeeeehaateeneeeiamanemmennenie neeie aenens enenentieN peetieeenen GmemnenentEn Gennes In, beeenenenennen Semenenn beeen Ee | 
|ISET PROGRAM MASK ISPM IRR L | | I | 04 |7-—31 | 
[SET STORAGE KEY ISSK [RR [P At SPI ¢ [ {08 (10-41 | 
[SET SYSTEM MASK ISSM [|S IP A SP| SsO| | 80 {10-41 | 
(SHIFT AND ROUND DECIMAL ISRP {ISS C¢ \ A [D DF I ST| FO | 8—11 | 
[SHIFT LEFT DOUBLE ISLDA IRS C | SP | IF | &R | 8F | 7-32 | 
 ssaeeseeneneimeeeiannenmemenents abdmuennmemeanenenenenaneneeeheniinemnemennnnen peenemen eatekmenmemenens sesame Senin Dee SE Dee 
|SHIFT LEFT DOUBLE LOGICAL [|SLDL [RS | SP | | #& | 8D | 7-32 | 
[SHIFT LEFT SINGLE [SLA [RS C | [ IF | R | 8B | 7-33 | 
|SHIFT LEFT SINGLE LOGICAL {SLL |RSS | | | R | 89 | 7-33 | 
(SHIFT RIGHT DOUBLE ISRDA IRS C | SP | | R | 8E {7-34 [ 
|SHIFT RIGHT DOUBLE LOGICAL ISRDL [RS [ SP | [| R | 8c [7-34 | 
[SHIFT RIGHT SINGLE ISRA {RS C | | | Rk | 8A | 7-34 | 
[SHIFT RIGHT SINGLE LOGICAL {SRL [RS I | | R | 88 |7—35 [ 
|ISTART I/0 Isto US Cc |P | $ | | 9C00*|{12—25 | 
{START I/0 FAST RELEASE |SIOF |{S Cc |P [ $ { [9C01*]12-25 | 
|STORE | St (RX | A | | ST| 50 | 7-35 | 
ISTORE CHANNEL ID ISTIDC(IS Cc |P | $ | {B203 [12-28 | 
[STORE CHARACTER ISTC [RX l A | I ST| 42 {7-35 | 
ISTORE CHARACTERS UNDER MASK ISTCM {RS | A | | ST|BE | 7-35 | 
ISTORE CLOCK |STCK |S Cc | A | $ | ST|B205 | 7-—36 [ 
{STORE CONTROL [STCTLIRS IP A SPI [ ST| B6 {10-43 | 
ISTORE Cpu ID {STIDP|S IP A SPI | ST|B202 [10-44 | 
ISTORE HALFWORD ISTH [RX | A | | ST| 40 | 7-37 | 
ISTORE MULTIPLE {STH (RS { A [ [ ST|90 {7-37 | 
ISUBTRACT [SR IRR Cc | l IF 1 R [1B | 7-37 
(SUBTRACT Is (RX C [ A | IF [ R | 58 | 7-37 | 


Instructions Arranged by Feature: Commercial Instruction Set (Part 2 of 3) 


B-18 Systen/370 Principles of Operation 


(SS a a a ee 


I [Mne— | | Op | Page | 
| Name | monic | Characteristics |Code | No. | 
SSS SS ——— 

|SUBTRACT DECIMAL | SP Iss C | A |D DF | ST| FB | 8—12 | 
|SUBTRACT HALFWORD [SH |RX C | A | IF | R | 4B | 7-38 | 
{SUBTRACT LOGICAL |SLR IRR C | | | R | 1F | 7-38 | 
|SUBTRACT LOGICAL [SL |RX C | A | | R | 5F 17-38 | 
|SUPERVISOR CALL |svC | RR | | ¢ | JOA | 7-39 | 
Oe | M 

|TEST AND SET [TS Is Cc | A | $ ST| 93 {7-39 | 
| TEST CHANNEL | TCH |s Cc | P | $ | | 9FOO*] 12—29 | 
[TEST I/0 {TIO {S Cc [P $ | |9D00*|12-29 | 
| TEST UNDER MASK | TM ISI C | A | | | 91 | 7-39 | 
| TRANSLATE | TR {ss | A | | ST| DC | 7-40 | 
ST GR GE GE a 
| TRANSLATE AND TEST | TRT Iss cC | A | | R | DD | 7—41 | 
| UNPACK JUNPK |SS | A | | ST|F3 | 7-41 | 
|ZERO AND ADD | ZAP Iss Cc | A |D DF | ST|F8 {8-12 | 
foe a ee Cee EEE, SEA RR, Ces EE! IR Te NE, eee Sener Reema eee | 





Instructions Arranged Ey Feature: Commercial Instruction Set (Part 3 of 3) 


Sg ee eg OR er og Te eet Ne BN ee ae ee Ee eg we en ee 


| [Mne— | | Op | Page | 
| Name |monic| Characteristics {Code | No. | 
eS SS SS a aS SS 
|COMPARE AND SWAP | CS IRS Cc SW AR SP| $ | R ST| BA | 7-12 | 
|COMPARE DOUBLE AND SWAP | CDS IRS Cc S¥#| A SP | $ | R ST| BB | 7-12 | 


ee eee Se (a ee ee, ee a a | 


Instructions Arranged ky Feature: Conditional Swapping 


Ce a ee gp a Fa ee ee ep ae a a ee Ra tee Te eS eS eee 
| [Mne— | | Op | Page | 
| Name {monic| Characteristics |Code | No. | 
SSS SS ee 

|SET CLOCK COMPARATOR |SCcKC |S CKIP A SP | | {B206 |10—36 | 
|SET CPU TIMER | SPT |S CK|P A SP | | {B208 |10—36 | 
|STORE CLOCK COMPARATOR |STCKC|S CK|IP A SP | | ST|[B207 |10—43 | 
| STORE CPU TIMER {STPT |S CKIP A SP | | ST|B209 | 10-45 | 


ne a a Se eS Nn | 


Instructions Arranged by Feature: CPU Timer and Clock Comparator 


en ee Oe Fg a ee a a ee ee 
| [Mne— | | Op | Page | 
| Name | monic | Characteristics |Code | No. | 
$F aA HT or tr HH HJ 
|READ DIRECT {|RDD ISI DC|P Al! | $ | SD| 85 110-33 | 
|WRITE DIRECT | WRD {SI DC|P At { $ | {84 {10-49 { 
SS eee a a ee ee eer ez 


Instructions Arranged Ly Feature: Direct Control 


Appendix B. Lists of Instructions B-19 





[ |Mne— | | Op | Page | 
| Name |monic| Characteristics |Code | No. | 
--—_——_ 

[EXTRACT PRIMARY ASN | EPAR |RRE DUIQ | SO| R |B226 |10-—6 | 
|EXTRACT SECONDARY ASN |ESAR |RRE DUIQ | SO| R |B227 |10-—7 | 
IINSERT ADDRESS SPACE CCNTROL J}|IAC |FRE C DUIQ | SO| R |B224 |[10-7 | 
[INSERT VIRTUAL STORAGF KEY J IVSK |RRE DUIQ At | SO| R |B223 |10-—9 | 
[LOAD ADDRESS SPACE PARAMETERS [LASP |SSE Cc pDUJQ AS SPI SO | {2500 | 10-11 | 
es eae eee ee ee ee cee ee 

|MOVE TO PRIMARY IMVCP ISS Cc pDUIQ A! ( ¢ so| ST[DA [10-18 | 
|MOVE TO SECONDARY IMvVcS ISS c pDUIQ At | ¢ SO STIDB 110-18 | 
[MOVE WITH KEY [MVCK ISS Cc DUIO A | ST{D9 |10-20 | 
| PROGRAM CALL | Pc |s DUIQ AT jpc T ¢ SO|IB R XT|B218 |10—21 | 
| PROGRAM TRANSFER | PT |RRE DUIQ AT SPIPA T ¢ =SO|B XT|[B228 |10—28 | 
+——__—_—______———-—-———_ OD ee tee SHA 
ISET ADDRESS SPACE CONTROL |SAC 1S DU | SP | ¢ SO| {B219 |10—-34 | 
ISET SECONDARY ASN ISSAR |RRE DU | AT |SA T ¢€ SO| ST|B225 |10-38 | 
ci ne 


Instructions Arranged by Feature: Dual-~Address-—Space (DAS) Facility 


mre ey Te RT get ee a eh ee Se ee SE eee a ee ee ee TE ee NE Pe ee FS Les ae eT See ee RCI a ee ny Tega s Sal 
[ [Mne— | | Op | Page | 
| Name |monic| Characteristics |Code | No. | 
see Beene enemies Gemeeenanet aula leneemennenn Eeeaeeinen Sane | 
[INVALIDATE PAGE TABLE ENTRY | IPTE |RRE EFIP At | $ | {|B221 [10-10 | 
| TEST PROTECTION ITPROT|SSE C EF[P A! | | {E501 410-48 | 


t—_—__-____________—___ 1 __. |. ____. —_____________._—__-1____— —_1______1—_—_-____-} 
( [ 
| Note: The extended facility actually consists of 14 instructions 12 of which are MVS— | 
| dependent. [ 
ee ee ee ea ee ee SS eee 


Instructions Arranged by Feature: Extended Facility (without MVS Assist) 


a a ee ee BT Ee ee Ng a Ey a TE ee ee 
| [Mne— | | Op | Page | 
| Name |monic| Characteristics |Code | No. | 
SS SS ——__—_f 
|ADD NORMALIZED (extended) | AXR IRR Cc XP| SP|EU EO LS | | 36 | 9-6 | 
[LOAD ROUNDED (extended to long) |LRDR [RR XP | SP | EO | {25 | 9-12 | 
[LOAD ROUNDED (long to short) | LRER [RR XP | SP | EO | {35 | 9-12 | 
{MULTIPLY (extended) | MXR [RR XP | SP|EU EO | | 26 | 9-13 | 
|MULTIPLY (long to extended) |MXDR [RR XP | SP|EU EO | | 27 {9-13 | 
J rl 

|MULTIPLY (long to extended) {MXD | RX XP | A SP|EUD EO | | 67 {9-13 | 
[SUBTRACT NORMALIZED (extended) ISXR {FRR CC XP| SP|EU EO LS | | 37 | 9-15 | 


Instructions Arranged by Feature: Extended—Precision Floating Point 


B-20 System/370 Principles of Operation 


ee ee eee 


| |[Mne— | | Op | Page | 
| Name | monic| Characteristics |Code | No. | 
ae —— 
[ADD NORMALIZED (long) [ADR |RR Cc FP| SP| EU EO LS | [2A [9-6 
{ADD NORMALIZED (long) | AD [RX Cc FP| A SP|EU EO LS| | 6A | 9-6 | 
[ADD NORMALIZED (short) [AER |RR C_ FP| SP|EU EO LS | [3A [9-6 l 
[ADD NORMALIZED (short) [AE {RX C FP{| A SPI[EU EO LS| [7A |9-6 | 
[ADD UNNORMALIZED (long) [|AWR [RR CFP SP | EO LS | | 2E | 9-7 | 
-—— eh 
[ADD UNNORMALIZED (long) | AW IRX CC FP] A SP | EO LS | | 6E | 9-7 | 
J|ADD UNNORMALIZED (short) | AUR IRR CC FP| SP | EO LS | | 3E | 9-7 | 
{ADD UNNORMALIZED (Short) | AU IRX CC FP A SP] EO LS | | 7E | 9-7 | 
|COMPARE (long) ICDR {RR C_ FP SP | | | 29 | 9-8 | 
|COMPARE (long) | CD [RX Cc FP| A SP| | | 69 | 9-8 | 
—_— HHH 
{COMPARE (short) | CER IRR Cc FP| SP | | {39 | 9-8 | 
|COMPARE (short) [CE [RX CFP A SPI | 179 19-8 | 
| DIVIDE (long) [DDR |RR FP | SP|EU EO FK [ {2D 19-9 | 
| DIVIDE (short) | DER [RR FP | SP{EU EO FK | | 3D | 9-9 | 
[DIVIDE (short) | DE [RX FP | A SP|EU EO FK { | 7D 19-9 | 
ten eee nw =e eee eee eS I td 
|HALVE (long) [HDR |RR FP | SP|EU I 124 49-10 | 
|HALVE (short) [HER [RR FP | SP | EU [34 19-10 I 
[LOAD (long) [LDR (RR FP | SP | | [28 |9-10 | 
[LOAD (lonq) | LD [RX FP | A SPI | 168 {9-10 | 
[LOAD (short) [LER [RR FP | SP | | 138 | 9-10 
ee ee ee ee ee 
JLOAD (short) | LE | RX FP | A SP | | | 78 | 9—10 | 
|LOAD AND TEST (long) |LTDR IRR C_ FP| SP | | | 22 | 9-11 | 
{LOAD AND TEST (short) |LTER [RR C_ FP| SP | | | 32 | 9—11 | 
[LOAD COMPLEMENT (long) JLCDR {RR CFP SP | [ 123 | 9-11 r 
{LOAD COMPLEMENT (short) [LCER [RR C_ FP| SP | i [33 {9-11 | 
+ OOOO ee HH 
[LOAD NEGATIVE (long) {|LNDR [RR CC FP| SP | 1 | 21 | 9-12 | 
|LOAD NEGATIVE (short) |LNER [RR C_ FP| SP | | | 31 | 9-12 | 
[LOAD POSITIVE (long) |LPDR [RR C_ FPI SP | r | 20 | 9-12 | 
[LOAD POSITIVE (short) [|LPER [RR C_ FP| SP | | | 30 | 9—12 | 
|MULTIPLY (long) |MDR J|[RR FP | SP|EU EO | {2c |9-—13 | 
+—_——_ 
[MULTIPLY (long) | MD [RX FP | A SP|EU EO | | 6c {9-13 | 
|MULTIPLY (short to long) [MER |RR FP | SP|}EU EO [ | 3c | 9-13 [ 
[MULTIPLY (short to long) [ME [RX FP | A  SP|EU EO ; {7c 19-13 | 
[STORE (long) [STD |RX FP | A SP| | ST| 60 19-14 | 
ISTORE (short) | STE | RX FP | A SP| | ST| 70 | 9-14 | 
[SUBTRACT NORMALIZED (long) |SDR [RR CFP SP|EU EO LS | [2B 19-15 | 
[SUBTRACT NORMALIZED (long) | SD IRX Cc FP| A SP|EU EO LS | | 6B | 9-15 | 
[SUBTRACT NORMALIZED (short) [SER |RR C_ FP| SP|EU EO LS | [3B {9-15 \ 
[SUBTRACT NORMALIZED (short) |SE IRX Cc FP| A SP|EU EO LS | | 7B | 9-15 | 
|SUBTRACT UNNORMALIZED (long) {SWR [RR C_ FPI SP | EO LS| |2F {9-15 | 
——— —+-—_—__—_+ 
|SUBTRACT UNNORMALIZED (long) [SW IRX CFP A SPI EO LS| |6F 19-15 | 
|SUBTRACT UNNORMALIZED (short) [SUR |RR CFP SP | EO LS| | 3F {9-15 
|SUBTRACT UNNORMALIZED (short) | SU IRX CC FP| A SP | EO LS | | 7F | 9-15 | 


Instructions Arranged by Feature: 


Floating Point 


Appendix B. Lists of Instructions 


B-21 





ee La a a pe eee eee 


| |Mne— | | Op | Page | 
| Name |monic| Characteristics |}Code | No. | 
eS ta Pa ie Sn Pees Ses a 
|MOVE INVERSE | MVCINISS MT | A | | ST|[E8 | 7—24 | 


Instructions Arranged by Feature: Move Inverse 


Te Ee eR Ee ee ee ee eT ee ee ee ee 
I [Mne— | | Op | Page | 
| Name |monic| Characteristics {Code |{ No. | 
+ ———'———-_V——“oveoeo ep 
{SET PREFIX |SPX |S MP|P A_ SPI $ | {B210 110-36 | 
{SIGNAL PROCESSOR |SIGP |RS C MP|P | $ {| Rk | AE {10-42 | 
| STORE CPU ADDRESS |STAP |S MPIP A_ SP| | ST[B212 [10-4 | 
|STORE PREFIX {|STPX |S MPIP A SP| | ST|[B211 [10-45 | 
| ee ee  ——— — — — ee ee ——Eeee Sa | 


Instructions Arranged by Feature: Multiprocessing 





| [Mne— | | Op | Page | 
| Name {monic Characteristics |Code | No. | 
-———_—__ i ee Ee re eee 
IINSERT PSW KEY JIPK |S PKIQ | | R |B20B |10—8 | 
[SET PSW KEY FROM ADDRESS |SPKA |S PKIQ | | {B20A |10—37 | 
a ea a I a ee 


Instructions Arranged by Feature: pSW-—Key Handling 


| {Mne— | | Op | Page | 
| Name |monic| Characteristics {Code | No. [ 
+ ee ee SO eee 
|CLEAR CHANNEL |CLRCHIS C REP | $ | | 9FO01*]12—16 | 


Instructions Arranged by Feature: Recovery Extensions 








| [Mne— | 1Op | Page | 
| Name | monic | Characteristics |Code | No. | 
-————_- Mm + errno nhs — tee 
{TEST BLOCK | TB IRRE C TBIP A! | $ ITI| R |B22c (10-46 | 


Instructions Arranged by Feature: Test Block 


B-22 System/370 Principles of Operation 


| smneenensanenine mnmebenen eens , , : ’ 


| [Mne— | | Op | Page | 


( Name [ponic| Characteristics {Code | No. | 
{LOAD REAL ADDRESS [LRA |RX C TRIP AS [ | Rk | 51 (10-17 | 
| PURGE TLB | PTLB IS TRIP { $ | {B20D 110-33 | 
[RESET REFERENCE BIT [RRB (S C TRIP At | [ }B213 (10-34 | 
{STORE THEN AND SYSTEM MASK ISTNSH (ST TRIP A | | ST] ac [10-85 | 
[STORE THEN OR SYSTEM MASK |STOSH|STI TRIP A SPI | STAD [10-46 | 


Instructions Arranged by Feature: Translation 


Appendix B. Lists of Instructions B-23 


APPENDIX C. CONDITION-CODE SETTINGS 





SS ee SS ee ee 
I | Condition Code { 
| 5580 88 ee 
| Instruction | 0 | 1 | 2 | 3 | 
{ti ty] 
{ADD, ADD HALFWORD [zero |< zero {> zero | overflow | 
{ADD DECIMAL |zero |< zero |> zero | overflow | 
J}ADD LOGICAL |zero, [not zero, | zero, |not zero, | 
| | no carry | no carry | carry | carry | 
{ADD NORMALIZED {zero j< zero |> zero |— | 
{ADD UNNORMALIZED {zero |< zero |> zero {|— | 
tt _-___—_---—_ +--+ +> tom 
| AND | zero jnot zero |— |— | 
|CLEAR CHANNEL |reset signaled |— |— |not operational | 
{CLEAR I/0 {no operation 1CSW stored |channel busy|not operational| 
| | in progress | ( | | 
|COMPARE, COMPARE HALFWORD | equal | low | high |— | 
|COMPARE AND SWAP jequal [not egqual |— |— | 
tt tt tH 
|COMPARE DECIMAL jequal | low | high {|— 
}COMPARE DOUBLE AND SWAP |egqual |not equal |— |— | 
[COMPARE LOGICAL Jequal | low | high [|— | 
|COMPARE LOGICAL CHARACTERS UNDER| equal | low {high |— | 
|] MASK i I | | | 
{COMPARE LOGICAL LONG | equal | low | high |— | 
|} —- --—- -+-@- ——-- 4 +—_—___4_--—__--- 
[CONNECT CHANNEL SET |successful [connected to |— J|not operational | 
| | 1 another CPD | | 
| DISCONNECT CHANNEL SET |successful |connected to |— |not operational | 
| | | another CPU] | | 
JEDIT, EDIT AND MARK |zero |< zero |> zero |— | 
J|EXCLUSIVE OR |zero J|not zero |— |—— | 
JHALT DEVICE | interruption {CSW stored | channel {not operational | 
| | pending/busy | | working l 

(}————_—__-__ ++ + 
|HALT I/0 J interruption {CSW stored | burst op. [not operational| 
| | pending | | stopped | | 
JINSERT ADDRESS SPACE CONTROL {zero | one |— |— | 
[INSERT CHARACTERS UNDER MASK {all zeros [1st bit one |1st bit zero|— | 
{LOAD AND TEST |zero |< zero |> zero |— j 
|LOAD COMPLEMENT (fixed point) | zero |< zero {> zero | overflow | 
{$f pt tt 
|LOAD COMPLEMENT (floating point) |zero |< zero |> zero |— | 
jLOAD NEGATIVE | zero |< zero |— |— | 
{LOAD POSITIVE (fixed point) | zero |— |> zero | overflow 
|LOAD POSITIVE (floating point) | zero |— [> zero - {|— | 
| LOAD REAL ADDRESS {translation 1ST entry {PT entry | leng th | 
| | available | invalid {| invalid | violation | 
a es es 


Summary of Condition—Code Settings (Part 1 of 2) 


Appendix C. Condition-Code Settings C-1 


Condition Cod 


{ 
| 
l Ins 


| HOVE LONG 


{MOVE TO PRIMARY, MOVE TO 


| SECONDARY 


truction 


[MOVE WITH KEY 


|OR 
{RESET REFERENCE BIT 


[ 
[SET CLOCK 


{SHIFT AND ROUND DECIMAL 
(SHIFT LEFT (DOUBLE or SINGLE) 
[SHIFT RIGHT (DOUBLE or SINGLE) 


ISIGNAL PROCE 
| 


-—— 7 : 
ISTART 1/0, START 1/0 FAST 


| RELEASE 
ISTORE CHANNE 
[STORE CLOCK 


[SUBTRACT, SUBTRACT HALFWORD 


[SUBTRACT DEC 


esta tte 
[SUBTRACT LOG 


I 
[SUBTRACT NOR 





SSOR 


L Ip 


IMAL 


Aiieahaotialatr itd ahah icdebiebctcend a ieaaitaes, 


ICAL 
MALIZED 


[SUBTRACT UNNORMALIZED 
|TEST AND SET 


|TEST BLOCK 


ocean 
[TEST CHANNEL 


; 
[TEST I/0 


ese patted neato tenance 


|TEST PROTECTION 


l 
[TEST UNDER # 
[TRANSLATE AN 


[ZERO AND ADD 
[penetrates 


[ 

| 

| amassed 

| > zero 
| < zero 
| =< 256 
| high 

| low 

{| length 
| 

[ 

| 


Note: The condition codé tay also be changed by DIAGNOSE, EXECUTE, LOAD PSW, SET PROGRAM 


MASK, 


Summary of Condition—Code Settings (Part 2 of 2) 


ASK 
D TEST 


jlength equal 


| 1 
Jlength low 


| 2 


[ 3 [ 


[length high |destr overlap 


jlength > 256 


Combats 


[ 
{ 
[ [ 
{length > 256 [ 
{ 
[ 
| 


{R bit one, |R bit one, 

| C bit zero] C bit one 

| |not operational | 
[> zero j overflow [ 
|> zero | overflow | 
|> zero oo | 


[ 
| busy 


[ 

j busy 

| error 
|> zero 
|> zero 


| zero, 

| carry 
[> zero 
(> zero 
|j~ 


[— 


[interruption | burst mode 


l 

{bus 

jno fetch, 
{ no store 
j~ 

| complete 
|> zero 


[length =< 256 |j— 
[ 
f[length =< 256 |— 
{zero {not zero 
[R bit zero, {R bit zeto, 
| C bit zero | Cc bit one 
, | 
{set | secure 
[zero |< zero 
[zero |< zero 
(zero I< zero 
Jorder code |Istatus stored| busy 
| accepted { 
[successful [CSW stored 
| [ 
[ID stored | CSW stored 
jset Jnot set 
[zero |< zero 
[zero |< zero 
{|—— | not zero, 
{ { no carry 
|zero |< zero 
|zero |< zero 
{left zero {left one 
[usable J not usable 
jJavailable 
[ | pending 
javailable 1csW stored 
|fetch and store|[no store 
[ [ 
jall zeros | nixed 
jzero | inconplete 
|zero |< zero 


[not operational | 
[ 


Jnot operational | 
[ [ 
| not operational | 
[not operational | 
| overflow { 
joverflow ( 


[not zero, 
{ carry 

| au 

~~ 


i 


— 


{not operational | 
[ | 
{not operational | 
[no translation | 
( | 
fall ones 
-— 


| overflow 


Explanation: 


Not applicable 


Result is greater than zero 
Result is less than zero 
Equal to, or less than, 256 
First operand compares high 
First operand compares low 
Length of first operand 


and SUPERVISOR CALL, and by an interruption. 
‘ | , eae ae bathe oa : 


C+2 System/370 Principles of Operation 
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This appendix lists the facilities in 
Systen/370, shows how they are grouped, and 
indicates their availability as features on 
models implementing the Systen/370 
architecture. A facility is an architec- 
tural grouping of functions. 


COMMERCIAL INSTRUCTION SET 


Every CPU incorporates the commercial 
instruction set (listed in Appendix B) and 
the associated basic computing functions, 
including: 


e Byte-oriented operands 
e General registers 
° Basic-control (BC) mode 


e Control registers, with bit positions 
for the block-multiplexing control bit 
(if block multiplexing is provided), 
for the interrupt-key and interval- 
timer masks, for channel masks 
associated with installed channels, 
for monitor masks, for control of 
installed machine-check-handling facil- 


ities, and for the IOEL control (if an 
installed channel has the I/o- 
extended-logout facility) 


° Key-controlled protection 

e Interval timer 

e TOD clock 

e Basic operator facilities 

Every system also includes’ the capability 
for at least one byte-multiplexer, block- 
multiplexer, or selector channel. The 
capability may be implemented as a separate 
physical unit or may be provided by sharing 
the physical unit with the CPU. 


Additionally, the following features may be 
available: 


FLOATING-POINT FEATURE 


Includes the floating-point instructions 
(listed in Appendix B) and the floating- 
point registers. 
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UNIVERSAL INSTRUCTION SET 


Includes the instructions of the commercial 
instruction set and the floating-point 
feature. 


EXTENDED-PRECISION FLOATING-POINT FEATURE 
Includes the extended-precision floating- 


point instructions (listed in Appendix B). 


EXTERNAL-SIGNAL FEATURE 


Includes the extension to external 
interruptions for external signals, the 
control-register position for the 
external-signal mask, and the means to 


accept external signals. 


DIRECT-CONTROL FEATURE 


Includes the external-signal feature and 
the instructions READ DIRECT and WRITE 
DIRECT. 

TRANSLATION FEATURE 

Includes the following facilities: 

e Dynamic Address Translation (DAT). 
The DAT facility includes the 
translation mechanisn, with the 
associated control-register positions 
and program-interruption codes, and 
reference and change recording. 
Includes controls for 4K-byte and 
2K-byte page size and 64K-byte and 
1iM-byte segment size. 

e Program-Event Recording (PER). The 
PER facility includes the associated 


and exten- 
program-interruption 


control-register positions 
sions to the 
code. 


e Extended-Control (EC) 


el 


Node. 





e SSM Suppression. This facility in- 
cludes the control-register position 
for the SSM-Suppression-control bit 
and the progqram-interruption code for 
special operation. 


e Store 
a 


Manu 


Aiea ete 


Status and 


s nd Noninitializing 
Reset. 
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As part of these facilities, the following 


instructions are provided: LOAD REAL 
ADDRESS, PURGE TLB, RESET REFERENCE BIT, 
STORE THEN AND SYSTEM MASK, and STORE THEN 


OR SYSTEM MASK. 


On some models, no provision is made _ to 
include controls for the 1-byte-segment 
size in dynamic address translation. 
Controls are provided for 4k-byte and 
2K-byte page size and 64K-byte segment 
size. 


CPU-TIMER AND CLOCK-COMPARATOR FEATURE 


Includes the clock comparator, the CPU 
timer, the associated extensions to 
external interruption, control-register 
positions for the Clock-comparator and 


and the instructions SET 
STORE CLOCK COMPARATOR, 
and STORE CPU TIMER. 


CPU-timer nasks, 
CLOCK COMPARATOR, 
SET CPU TIMER, 


CONDITIONAL-SWAPPING FEATURE 


Includes the instructions COMPARE AND SWAP 
and COMPARE DOUBLE AND SWAP. 


PSW-KEY-HANDLING FEATURE 


Includes the instructions SET PSW KEY FROM 


ADDRESS and INSERT PSW KEY. 


MOVE-INVERSE FEATURE 


Includes the instruction MOVE INVERSE. 


MULTIPROCESSING FEATURE 


Includes the following facilities, which 
permit the formation of a nultiprocessing 
systen: 


e Shared Main Storage 


e foDd-Clock Synchronization 
These facilities include four extensions to 
the external interruption (external call, 
emergency signal, TOD-clock-sync check, and 


INSERT ADDRESS SPACE CONTROL (IAC) 
INSERT VIRTUAL STORAGE KEY (IVSK) 
LOAD ADDRESS SPACE PARAMETERS (LASP) 
MOVE TO PRIMARY (MVCP) 

MOVE TO SECONDARY (MVCS) 

MOVE WITH KEY (MVKC) 

PROGRAM CALL (PC) 

PROGRAM TRANSFER (PT) 

SET ADDRESS SPACE CONTROL (SAC) 

SET SECONDARY ASN (SSAR) 


malfunction alert), control-register 
positions for the TOD-clock-sync-control 
bit and for the masks for the four 
external-interruption conditions, and the 
instructions SET PREFIX, SIGNAL PROCESSOR, 
STORE CPU ADDRESS, and STORE PREFIX. 


DUAL-ADDRESS-SPACE (DAS) FACILITY 


fe») 
a 


Nine new exception or event conditions 
which result in a prog ram 
interruption. These conditions are: 


The dual-address-space (DAS) facility 
includes the following: 


AFX-translation exception 
ASN-transSlation-specification exception 
ASX-translation exception 
EX-translation exception 
LXx-translation exception 
PC-translation-specification exception 
Primary-authority exception 
Secondary-authority exception 
Space-switch event 


1. Dual-space control, which includes: 


ae An address-space control, pPSW bit 
16. 


b. A primary ASN, bits 16-31 of 
control register 4, 


ce. A secondary ASN, bits 16-31 of 
control register 3. 

For page- and segnent-translation 
exceptions, a bit is stored with the 
translation-exception address. This 
bit indicates whether the address was 
translated by using the primary or 
secondary segment-table designation. 


d. <A secondary-segment-table designa- 
tion, in control register 7. 


2. DAS authorization mechanisms, which 
include the following: 


a. An extraction-authority control, 
bit 4 of control register 0. 


The following System/370 instructions are 
changed or affected by the installation of 
DAS, as noted: 


b. A PSW-key mask, bits 0-15 of 
control register 3. e Execution of the SET PSW KEY FROM 
ADDRESS instruction is permitted in 
the problem state, subject to the 
contents of bit positions 0-15 of 
control register 3. When the bit in 
the control register corresponding to 
the PSW-key value to be set is one, 
execution is allowed; otherwise, a 


c. A secondary-space control, bit 5 
of control register 0. 


d. A subsystem-linkage control, bit 0 
of control register 5. 


e. An ASN-translation control, bit 12 privileged-operation exception is 
of control register 14. recognized. The contents of control 
register 3 are ignored in the 


f. An authorization index, bits 0-15 
of control register 4. 


Supervisor state. 


e Execution of the INSERT PSW_ KEY 
instruction is permitted in the 
problem state when bit 4 of control 
register 0, the extraction-authority 
control, is one. When the bit is zero 
and the problem state is specified, 
the operation is suppressed, and a 
privileged-operation exception is 
recognized. The extraction-authority 
control is ignored in the supervisor 
state. 


g.- A space-switch-event bit, bit 31 
of control register 1. 


3. PC-number translation, which uses the 
linkage-table designation in control 
register 5. 


4. ASN translation, which uses an 
ASN-first-table origin, bits 13-31 of 
control register 14. 


5. ASN authorization. e LOAD REAL ADDRESS uses the contents of 
control register 7, instead of the 
contents of control register 1, when 
PSW bit 16 is one. Thus’ the second 
operand is translated either as a 
primary virtual address or as a 
secondary virtual address, depending 
on the mode specified in the PSW. 


6. DAS tracing. 
7. The following instructions: 


EXTRACT PRIMARY ASN (EPAR) 
EXTRACT SECONDARY ASN (ESAR) 
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° The second-operand address of EXECUTE 
is defined to ke an instruction 
address rather than a logical address. 


In secondary-space mode, it is thus 
unpredictable whether the target 
instruction is fetched from the 


primary space or the secondary space. 


SERVICE-SIGNAL FEATURE 


Provides an external interruption which is 
used by the service processor to. signal 
model-dependent information to the control 
progran. 


TEST-BLOCK FEATURE 


Includes the instruction TEST BLOCK for 
testing the usability of a 4K-byte block of 
Main storage. 


BRANCH-AND-SAVE FEATURE 


Includes the instruction BRANCH AND SAVE 
(BAS and BASR). 

EXTENDED FACILITY 

Includes the instructions INVALIDATE PAGE 
TABLE ENTRY and TEST PROTECTION, the 


common-segnent facility and the associated 
bit position in the segment-table entry, 
low-address protection andthe associated 
control-register position for the control 
bit, and 12 MVS-dependent instructions. 


RECOVERY-EXTENSION FEATURE 


Includes the following: 


e Machine-check external-damage code in 
storage at location 244, the external- 
damage-code-validity bit (bit 26 of 
the machine-check-interruption code), 
and the channel-not-operational indi- 
cation in the machine-check external- 
damage code 


e The CLEAR CHANNEL instruction 
e The logout-valid bit (bit 


interface-inoperative bit (bit 
the limited channel logout 


15) and the 
27) in 
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CHANNEL-SET-SWITCHING FEATURE 


Provides the ability to connect a channel 


set to any cCPU in a multiprocessing 
configuration. It includes the 
instructions CONNECT CHANNEL SET and 


DISCONNECT CHANNEL SET. 


FAST-RELEASE FEATURE 


Provides for fast release of the CPU by the 
channel during the execution of the START 


I/O FAST RELEASE instruction. The release 
occurs before the device-selection 
procedure is completed, reducing the CPU 


delay associated with the initiation of the 
I/O operation. When the fast release is 
not implemented, START I/O FAST RELEASE is 
executed as START I/O. 


CLEAR-I/O FEATURE 


Provides’ the clear-I/O function in a 
channel when the CLEAR I/O instruction is 
executed. When the clear-I/O function is 
not implemented, CLEAR I/O is executed as 
TEST I/0. 


CHANNEL-INDIRECT-DATA-ADDRESSING FEATURE 


Includes indirect-data-address words and 
the associated CCW flag, which facilitate 
Storage addressing when virtual addresses 
are used. 


COMMAND-RETRY FEATURE 


a channel to 
occurrence of 
retry is 


Provides the capability in 
retry a command without the 
an T/o interruption. The 


initiated by the control unit. 


LIMITED-CHANNEL-LOGOUT FEATURE 


Provides four bytes of channel-status 
information for model-independent recovery 
from channel errors. 


I/O-EXTENDED-LOGOUT FEATURE 


Provides for the storing of detailed 
channel-error information in a storage area 
designed by a pointer. 
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[I/O extended logout 
|Explanation: 


A Channel indirect data addressing is 
and 2880 channels. 

Multiprocessing feature is provided 
| and a multiprocessor configuration. 


JAP Multiprocessing feature is provided 

[APS Advanced—control—program—support fea 
|B Feature is only available as a stand 
|CK CPU-timer and clock—comparator featu 
|ICSS 

| feature. 

| DC Direct—control feature. 

| EF Extended facility. 

JES External—signal feature; does not in 
| instructions. 

| Fp Floating—point feature. 

JFXP Floating—point and extended—precisio 
{MP Multiprocessing feature is provided 

|PO These items are available for field 

|s Facility is standard. 

|s# The translation feature is standard, 
| size are not provided. 

| sw Conditional—Swapping feature. 

|XP Extended—precision floating—point fe 
|- Feature is not available. 

| * The 165 includes MONITOR CALL only a 
133x 3033 extension feature. 

| 

|Note: The figure shows the features prov 


jin System/370 mode. 
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available as an option on the 2860, 2870, 


in an attached—processor configuration 


in an attached—processor configuration. 
ture. 

ard part of the 2880 channel. 

re. 


Channel—set-—switching feature is provided along with the multiprocessing 


clude the READ DIRECT and WRITE DIRECT 


n floating—point feature. 
in a multiprocessor configuration. 
installation only on purchased models. 


except that controls for the 1M—byte—segment 


ature. 


s part of the translation feature. 


ided by the 4300 Processors operating 


FEATURES NOT DESCRIBED IN THE PRINCIPLES OF 
OPERATION 

The following additional features are 
available on some models. Included with 


references indicating where 
found on the 


each entry are 
additional information can be 


subject. 

APL Assist 
"An APL Emulator on System/370," A. 
Hassitt and L. Ej. Lyon, IBM Systems 
Journal, Volume 15, Number 4, 1976. 
Article available in reprint, 
G321-5041. 


ECPS:MVS (MVS-Dependent Instructions) 


Those MVS-dependent instructions that 
are part of the FCPS:MVS facility are 


described in Assists for MVS, 
GA22-7079. 

ECPS: VM¥/370 
IBM Virtual Machine Facility/370: 


System Programmer's Guide, GC20-1807 


IBM Virtual Machine Facility/370: 
System Logic and Problem Determination 





Guide, Volume 1, Appendix A, SY20-0886 
ECPS:VS1 

IBM Os/Vs1 Supervisor Logic, 

SY24-5155, and IBM OS/VS1 I/O 


Supervisor Logic, SY24-5156 


ao EE ae oo 


Extended Facility (MVS-Dependent Instruc- 


tions) 


Those MVS-dependent instructions that 
are part of the extended facility are 
described in Assists for MVS, 
GA22-7079. 
OS/DOS Compatibility 
DOS to OS/VS Emulation: Logic, Prog. 
No. 5744-AS1, SY33-7015 


Shadow-Table-Bypass Assist 


Assist 


IBM Virtual-Machine Assist and 


Virtual-Machine Assist (VMA) 


Assist 


IBM Virtual- Machine and 


Shadow-Table-Bypass Assist, GA22-7074 
3033 Extension 
Instructions) 


Feature (MVS-De pendent 


Those MVS-dependent instructions that 
are part of the 3033 extension feature 
are described in Assists for MVS, 
GA22-7079. 
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PLUS MINUS 
1 0 110 
2 1 0.5 
4 2 0.25 
8 3 0.125 
16 4 0.0625 
32 5 0.03125 
64 6 0.01562 5 
128 7 0.00781 25 
256 8 0.00390 625 
512 g 0.00195 3125 
1,024 10 0.00097 65625 
2,048 11 0.00048 82812 5 
4,096 12 0.00024 41406 25 
8,192 13 0.00012 20703 125 
16,384 14 0.00006 10351 5625 
32,768 15 0.00003 05175 78125 
65,536 16 0.00001 52587 89062 5 
131,072 17 0.00000 76293 94531 25 
262,144 18 0.00000 38146 97265 625 
524,288 19 0.00000 19073 48632 8125 
1,048,576 20 0.00000 09536 74316 40625 
2,097,152 21 0.00000 04768 37158 20312 5 
4,194,304 22 0.00000 02384 18579 10156 25 
8,388,608 23 0.00000 01192 09289 55078 125 
16,777,216 24 0.00000 00596 04644 77539 0625 
33,554,432 25 0.00000 00298 02322 38769 53125 
67,108,964 26 0.00000 00149 01161 19384 76562 5 
134,217,728 27 0.00000 00074 50580 59692 38281 25 
268,435,456 28 0.00000 00037 25290 29846 19140 625 
536,870,912 29 0.00000 00018 62645 14923 09570 3125 
1,073,741,824 30 0.00000 0009 313272 57461 54785 15625 
2,147,483,648 31 0.00000 00004 65661 28730 77392 57812 5 
4,294 ,967,296 32 0.00000 00002 32830 64365 38696 28906 25 
8,589,934,592 33 0.00000 00001 16415 32182 69348 14453 125 
17,179,869,184 34 0.00000 00000 58207 66091 34674 07226 5625 
34,359,738,368 35 C.00000 00000 29103 83045 67337 03613 28125 
68,719,476,736 36 0.00000 00000 14551 91522 83668 51806 64062 5 
137,438,953 ,472 37 0.00000 00000 07275 95761 41834 25903 32031 25 
274,877 ,906,944 38 0.00000 00000 03637 97880 70917 12951 66015 625 
549,755,813, 888 39 0.00000 00000 01818 98940 35458 56475 83007 8125 
1,099,511,627,776 40 0.00000 00000 00909 49470 17729 28237 91503 90625 
2,199,023,255,552 41 0.00000 00000 00454 74735 08864 64118 95751 95312 5 
4,398,046,511,104% 42 0.00000 00000 00227 37367 54432 32059 47875 97656 25 
8,796 ,093,022,208 43 0.00000 0000 00113 68683 77216 16029 73937 98828 125 
17,592,186,044,416 44 0.00000 00000 00056 84341 88608 08014 86968 99414 0625 
35,184,372,088,832 45 0.00000 00000 00028 42170 94304 04007 43484 49707 03125 
70,368,744,177,664 46 0.00000 00000 00014 21085 47152 02003 71742 24853 51562 5 
140,737,488,355,328 47 0.00000 00000 00007 10542 73576 01001 85871 12426 75781 25 
281,474,976,710,656 4B 0.00000 00000 00003 55271 36788 00500 92935 56213 37890 625 
562,949,953,421,312 49g 0.00000 00000 00001 77635 68394 00250 46467 78106 68945 3125 
1,125,899,906,842,624 50 0.00000 00000 00000 88817 84197 00125 23233 89053 34472 65625 
2,251,799,813,685,248 51 0.90000 00000 00000 44408 92098 50062 61616 94526 67236 32812 5 
4,503,599,627,370,496 52 0.90000 00000 00000 27204 46049 25031 30808 47263 33618 16406 25 
9,007,199,254,740,992 53 0.00000 00000 00000 11107 23024 62515 65404 23631 66809 08203 125 
18,014,398,509,4%81,984 54 0.00000 00000 00000 05551 11512 31257 82702 11815 83404 54101 5625 
36,028,797,018,963,968 55 0.90000 00000 00000 02775 55756 15628 91351 05907 91702 27050 78125 
72,057,594,037,927,936 56 0.00000 00090 00000 01387 77878 07814 45675 52953 95851 13525 39062 5 
144,115,188,075,855,872 57 0.00000 00000 09000 00693 88939 03907 22837 76476 97925 56762 69531 25 
288,230,376,151,711,744 58 0.00000 90000 00000 00346 94469 51953 61418 88238 42962 78381 34765 6295 
576,460,752,303,423,488 59 0.00000 00000 00000 00173 47234 75976 80709 44119 24481 39190 67382 8125 
1,152,921,504,606,846,976 60 0.00000 00000 00000 00086 73617 37988 40354 727059 62240 69595 33691 40625 
2,305,843 ,009,213,693,952 61 0.00000 00000 00000 00043 36808 68994 20177 36029 81120 34797 66845 70312 5 
4,611,686,018,427,387,904 62 0.00000 00090 00000 00021 68404 34497 10088 68014 90560 17398 83422 85156 25 
9,223,372,036,854,775,808 63 0.00000 00000 00090 00010 84202 17248 55044 34007 45280 08699 41711 42578 125 
18,446,744 ,073,709,551,616 64 0.00000 00000 00000 00005 47101 08624 27522 17003 72640 04349 70855 71289 0625 
Powers of 2 (Part 1 of 2) 
Appendix E. Table of Powers of 2 E-1 


18,486,744 ,90/3,709 551,516 
36,893 ,488,147 819,197,232 
73,796,976,°94 899,235,464 
147,573,952,589,676,412,928 


295,147,905 ,179,°527,9825,A55 
590,295,810,558,7905,651,7%2 
1,180,£91,620,717 ,4il 303 ,H2% 
2,961,593 ,241, 424,827 ,696,a48 


4,722,266,482,869,545,213,496 
9,484 ,732,965,739,290 427,392 
18,889,"65 ,931 ,479,590,854,784 
37,778,931,862,957,161,709,568 


735,557,863,725,914,323 419,136 
151,115,727,451,828 ,646,933,272 
302,231,454,903 ,657,293,676,544 
604,462,999,807,314,587,353,998 


1,208,925,919,6414 ,6799 174,706,176 
2.417,851,6399,729,2558, 389,412,452 
4%,835,703,278,458,516,F98,824,704 
9,671,406,556,917,033,397,649,408 


19,3942,813,113,334,066,795,298,3156 
38,685,626,227 ,668,133,590,597,632 
77,371,252 ,%55,336.267,181,195,264 
154,742,504,910,672,534,362,390,528 


309,485,009,821 ,345,068,724,781,056 
618,970,019 ,647,699,137 449,562,112 
1,237,949,039,295,389,2974,899,124,2724 
2,478 ,380,078,570,760 ,54°,798,248 448 


4,951,760,1357,141,521,999,596 496,896 
9,903,520,314,283,042,159,192,993,792 
19,807,040,629,566,084,398,385,987,584 
329,614,081,257,132,169,796,771,975,168 


79,2928,162,514,264,3937,593,543,950,336 
158 ,456,325,029,523,675,187,987,990,472 
316,912,650,057,057,350,374 ,175,891,344 
633 ,825,300,114,114,700,748,351,602,688 


2,.267,650,600,228,229 ,4041,496,703,705,375 
2,535,301,200,456 ,45h8,892,993,406,410,752 
§,070,602 ,400,912,9517,695 ,986,812,821,504 
10,141,204,801,825,635,211,573,625,643,008 


20,282 ,409,€C0C3 ,651 ,670 ,423,947,251,286,016 
80,564 ,819,207,393,340,847,894 ,502,572,932 
81,129,638,414,6C06,661,695,789,005,144,064 
162,259,276,829,213,363,391,578,016,288,128 


324,518,553 ,658,426 ,725,783,156,020,576,256 
649,937,107,316,853 ,453,566,312,041,157,512 
1,298,074 .,214,633,706,907,132,624,082,305,024 
2,596,148 429,267,413 ,814,265,248 ,164,610,048 


§,192,296 ,658,534,827 ,628,5390,496 ,379,220,096 


10,384,593,717,069,655,757,960.992,6568,440,192 
20,769,187 ,434,139,310,514,121,985,316,830,384 
41,536,374 ,868,278,621,029,243,970,633,760,778 


83,076,749,736,557,247,056,487 ,941,267,521,534 
166,1583,499,4723,1145,484 ,1127,975,882,535,043.072 
332,306,998 ,946,228 ,969,225,951,765,9070,086,144 
664,613,997 ,892,457,936,451,903,539,140 ,172,288 


1,329,227,995,784 ,915,872,903,807,960,260,344 ,576 
2,658,455,991,569,891,745,807,€14,120,560,689,152 
§,316,911,983,139,663,491,615,2298,241,121,378,304 
10,633 ,823,966,279,3276€,983,230 456 482,242,756 ,6598 


21,267 ,647,932,558,653,966,460,212,964 485,513,216 
42,535,795 ,965 ,117,307,9392 ,921 ,8225,928,971,926 ,432 
85,070,591 ,730,234 ,615,865,849,651,857,942,057,8F4 
170,141,183 ,460,469,231,731,687,303,715,884,105,728 


340,282,366 ,920,938,463 463,374,607 ,431,768,211,456 


Powers of 2 (Part 2 of 2) 


Ba 
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BY 
AS 
EF 
47 


68 
FQ 
749 


> 


72 
73 
74 
75 


76 
77 
78 
79 


80 
31 
B82 
83 


84 
85 
BB 
37 


88 
89 
90 
91 


92 
93 
Q4 
95 


96 
97 
a§ 
99 


100 
101 
102 
103 


104 
105 
106 
107 


108 
109 
119 
111 


112 
113 
114 
115 


116 
117 
118 
119 


120 
121 
122 
123 


124 
125 
126 
127 


128 





The following tables aid in converting hexadecimal values 
to decimal values, or the reverse. 


Direct Conversion Table 
This table provides direct conversion of decimal and 
hexadecimal numbers in these ranges: 
Hexadecimal Decimal 
000 to FFF 0000 to 4095 
To convert numbers outside these ranges, and to con- 


vert fractions, use the hexadecimal and decimal conver- 
sion tables that follow the direct conversion table in this 


Appendix. 


0 ] 2 3 4 5 6 





7 


8 


9 


A B 
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Hexadecimal Tables 


Fo 





Fe2Z 








1360 1361 
1376 1377 
1392 1393 
1408 1409 
1424 1425 
1440 1441 
1456 1457 
1472 =1473 
1488 1489 
1504 1505 
1520 =1521 
System/370 


1362 1363 
1378 1379 
1394 1395 
1410 1411 
1426 1427 
1442 1443 
1458 1459 
1474 1475 
1490 1491 
1506 1507 
1522 = 1523 


1364 
1380 
1396 


1412 
1428 
1444 
1460 


1476 
1492 
1508 
1524 


Principles of 


1365 
1381 
1397 


1413 
1429 
1445 
1461 


1477 
1493 
1509 
1525 


1366 
1382 
1398 


1414 
1430 
1446 
1462 


1478 
1494 
1510 
1526 


Cperation 





1369 
1385 
1401 


1417 
1433 
1449 
1465 


1481 
1497 
1513 
1529 


1370 
1386 
1402 


1418 
1434 


1371 
1387 
1403 


1419 
1435 


1372 
1388 
1404 


1420 
1436 


1373 
1389 
1405 


1421 
1437 














0 


4 


5 


2053 
2069 
2085 
2101 


2117 
2133 
2149 
2165 


2181 
2197 
2213 
2229 


2245 
2261 
2277 
2293 


2309 
2325 
2341 
2357 


2373 
2389 
2405 
2421 


2437 
2453 
2469 
2485 


2501 
2517 
2533 
2549 


2166 


2182 
2198 
2214 
2230 


2246 
2262 
2278 
2294 


2310 
2326 
2342 
2358 


2374 
2390 
2406 
2422 


2438 
2454 
2470 
2486 
2502 
2518 
2534 
2550 


7 


2055 
2071 
2087 
2103 


2119 
2135 
2151 
2167 


2183 
2199 
2215 
2231 


2247 
2263 
2279 
2295 


2311 
2327 
2343 
2359 


2375 
2391 
2407 
2423 


2439 
2455 
2471 
2487 


2503 
2519 
2535 
2551 


8 


2056 
2072 
2088 
2104 


2120 
2136 
2152 
2168 


2184 
2200 
2216 
2232 


2248 
2264 
2280 
22.96 


2312 
2328 
2344 
2360 


2376 
2392 
2408 
2424 


2440 
2456 
3472 
2488 
2504 
2520 
2536 
2552 





9 


2057 
2073 
2089 
2105 


2121 
2137 
2153 
2169 


2185 
2201 
2217 
2233 
2249 
2265 
2281 
2297 


2313 
2329 
2345 
2361 


2377 
2393 
2409 
2425 


2441 
2457 
2473 
2489 


2505 
2521 
2537 
2553 


A B 


2106 2107 


2122 2123 
2138 2139 
2154 2155 
2170 92171 


2186 2187 
2202 2203 
2218 2219 
2234 2235 


2250 2251 
2266 2267 
2282 2283 
2298 2299 


9314 2315 
2330 2331 
2346 2347 
2362 2363 


2378 2379 
2394 2395 
2410 2411 
2426 2427 


2442 2443 
2458 2459 
2474 2475 
2490 2491 
2506 2507 
2522 2523 
2538 2539 
2554 2555 
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2300 82301 2302 2303 


2316 2317 2318 2319 
2332 2333 2334 2335 
2348 2349 2350 2351 
2364 2365 2366 2367 


2380 2381 2382 2383 
2396 2397 2398 2399 
2412 2413 2414 2415 
2428 2429 2430 2431 


2444 2445 2446 2447 
2460 2461 2462 2463 
2476 2477 2478 2479 
2492 2493 2494 2495 


2508 2509 2510 2511 
2524 2525 2526 2527 
2540 2541 2542 2543 
2556 2557 2558 2559 








Hexadecimal Tables 


r=3 








F-4 


3073 
3089 
3105 
3121 


3137 
3153 
3169 
3185 


3201 
3217 
3233 
3249 


3265 
3281 
3297 
3313 


3329 
3345 
3361 
3377 


3393 
3409 
3425 
3441 


3457 
3473 
3489 
3505 


3521 
3537 
3553 
3569 


Systen/370 


3074 3075 3076 
3090 3091 3092 
3106 3107 3108 
3122 3123 3124 


3138 3139 3140 
3154 3155 3156 
3170 93171 3172 
3186 3187 3188 


3202 3203 3204 
3218 3219 3220 
3234 3235 3236 
3250 3251 3252 


3266 3267 3268 
3282 3283 3284 
3298 3299 3300 
3314 3315 3316 


3330 3331 3332 
3346 3347 3348 
3362 3363 3364 
3378 3379 3380 


3394 3395 3396 
3410 3411 3412 
3426 3427 3428 
3442 3443 3444 


3458 3459 3460 
3474 3475 3476 
3490 =3491 3492 
3506 3507 3508 


3522 3523 3524 
3538 3539 3540 
3554 3555 3556 
3570 3571 93572 


Principles of 


3077 3078 
3093 3094 
3109 3110 
3125 3126 


3141 3142 
3157 3158 
3173 3174 
3189 3190 


3205 3206 
3221 3222 
3237 3238 
3253 3254 


3269 3270 
3285 3286 
3301 3302 
3317 3318 


3333 3334 
3349 3350 
3365 3366 
3381 3382 


3397 3398 
3413 3414 
3429 3430 
3445 3446 


3461 3462 
3477 = 3478 
3493 3494 
3509 3510 


3525 3526 
3541 3542 
3557 3558 
3573 3574 


Operation 


3080 
3096 
3112 
3128 
3144 
3160 
3176 
3192 


3208 
3224 
3240 
3256 


3272 
3288 
3304 
3320 


3336 
3352 
3368 
3384 


3400 
3416 
3432 
3448 


3464 
3480 
3496 
3512 


3528 
3544 
3560 
3576 
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Conversion Table: Hexadecimal and Decimal Integers 


BYTE B 





HALFWORD HALFWORD 


4567 














BITS: 0123 
Decimal Hex 
0 





: 


E BYTE BYTE 


oe ei om [aw | 











0 20 of o | ofo | of o | ofo f ojo} o Jol o | 
_ 268,435,456 | 1 | 16,777,216 | 1 | 1,048,576 | 1 *| 65,536 | 1 | 409 [1 | 26 [1 | 1 Ti | ot | 

2_| 538,870,912 | 2 | 33,554,432 2] 2,097,152 | 2) 131,072 | 2] 8,192 [2 | s12]2] 9 [2] 2 
3} 05,306,368 | 3 [50,331,648 | 3 | 3,145,728 | 3] 196,608 | 3] 12,288 a ae 
| 6 [4 [4 7) 

5_| 1,342, 177,280 327, 680 20, 480 | 8 {5 [| 5 | 
(6 _[1,610, 612,736 | 6 | 100,663,296 | 6 | 6,291,456 | 6 | 398,216 | 6 | 24,576| 6 | 1,586] 6 1% [6 | 6 
D812, 147,483,648 | 8 [134,217,728 8 | 8,988,608 |e | 524,288 | 8 | 32,768 Fe 
912,415,919, 104 | 9] 150,994,944 | 9 | 9,437,184 | 9 | 589,824 | 9 | 36,864 | a a 
[160A] 10 
ee gate Tae aa eee te Te eee eT eee te | 17600 | BO} 
201,326,592 | C | 12,582,912 | iz | ¢ | 12 | 
| D_ [3,489,660,928 | D {218,103,808 | D_ [13,631,488 | D | 851,9%8 | D | 53,248 | |b | 28 | o | 13 | 
re 13,758, 096,364 | E | 234,881,024 | & [14,680,064 | € ] 917,504 | E | 57,344 a ae 
15,728,640 | F | 985,00] F_| 61,40 Fe FT 18 
cere cMe eee oe ee ee 2 
TO CONVERT HEXADECIMAL TO DECIMAL EXAMPLE To convert integer numbers greater than the capacity of 

Se table, use the techniques below: 
1. Locate the column of decimal numbers corresponding to Conversion of 
the left-most digit or letter of the hexadecimal; select Hexadecimal Value HEXADECIMAL TO DECIMAL 


from this column and record the number that corresponds 
to the position of the hexadecimal digit or letter. 


Successive cumulative multiplication from left to right, 
adding units position. 








2. Repeat step | for the next (second from the left) 
poniens Example: D34,4=3380;)  D= 13 
3. Repeat step 1 for the units (third from the left) x16 
position. 208 
4, Add the numbers selected from the table to form the = aetna! ae <3 
decimal number. x16 
3376 
4= +4 
TO CONVERT DECIMAL TO HEXADECIMAL 3360 


1. (a) Select from the table the highest decimal number 
that is equal to or less than the number to be con- 


verted. 


(b) Record the hexadecimal of the column containing 


the selected number. 


EXAMPLE 


Conversion of DECIMAL TO HEXADECIMAL 
Decimal Value 
Divide and collect the remainder in reverse order. 





: = X 
(c) Subtract the selected decimal from the number to Example 3380) 5 16 
be converted 16 | 3380 remainder 
2. Using the remainder from step 1(c) repeat all of step | 16 | 211 cree: 4 
to develop the second position of the hexadecimal ae 
(and a remainder). 16 [13 eet 3 
3. Using the remainder from step 2 repeat all ofstep | to i j D 3380) 9=D34 
; ae : . Hexadecimal 16 
develop the units pasition of the hexadecimal . 
4. Combine terms to form the hexadecimal number. 


POWERS OF 16 TABLE 


Example: 268,435,456} ¢ = (2.68435456 x 108), = 1000 000016 = (107) 44 


16" 


4 
65 

1 048 

16 777 

268 435 

4 294 967 

68 719 476 

T 099 511 627 

17 592 186 044 

281 474 976 710 

4 503 599 627 370 

72 057 594 037 927 

1 152 921 504 606 846 


Decimal Values 


OoO;35 


BaErIUgsg— 
Aaa aan a a 


736 | 


416 
656 
496 
936 


= OwMNOURWH— 





& W PN 
tow dou 
MOOD 


ic 
| 
i 
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Conversion Table: Hexadecimal and Decimal Fractions 


BYTE 





BITS 0123 4567 0123 4567 
Decimal | Hex | Decimal ~— | Hex _| ee | Decimal Equivalent 
0 | .oo00 | .o0 | 0000 0000 | .000 | 0000 _— 0000 ~—= 0000 | 0000 | 0000 —0000—S=— 0000-0000 
pt) 0625 [01 [0039 —«0625-~|~.001_| 0002 —«4di4 —=0625 | 0001 | 0000 —*'1525_~=S«iB789—~—=—C(H2S 
r 2 | .1250 | .02 .0078 1250 | .002 | .0004 8828 1250 { .0002 |  .0000 051 7578 1250 
| 3 | £1875 | 08 | ONI7, 1875 | 003 | 0007, 32421875 | =—.0003_ | ~~. 0000 4577 6367 1875 
| «4 | 2500 | .04 | 0156 = 2500 | .004 | 00097 = 7656 = 2500 | 0004 | 0000 6103 51562500 
.0000 76293945 3125 
| 6 | 3750 | .06 | 10234 3750 | .006 | .0014 6484 3750 -0000 9155 2734 3750 
7_|_.4375 
| 8 | 5000 | .08 | 0312 5000 | .008 | 0019 = 5312 5000 | «—.0008 | 000) 2207, 0312 5000 
| 9 =| 65625 | 09 | 0351 5625 | 009 | «0021 9726S 5625 | ~.0009 ~| 0001 (Gs 37320101 5625 
.0001 525878906250 
| Bo | «66875 [| «0B | =—.0429 6875 | .00B | .0026 8554 6875 .0001 6784 6679 6875 
.000C .0001 8310 5468 7500 
| .D | .8125, | 60D | 0507, 8125 | =.00D | - «0031 7382 8125 | .000D .0001 9836 4257 8125 
| .E | .8750 | .OF 0546 8750 | .00E | .0034 1796 8750 | .000E |  .0002 1362 3046 8750 
0585 9375 0036 6210 9375 .0002 2888 1835 9375 





TO CONVERT .ABC HEXADECIMAL TO DECIMAL 


Find .A 
Find .OB 
Find .00C in position 3 

-ABC Hex is equal to 


in position | 
in position 2 


.6250 

.0429 6875 
.0029 2968 7500 
.6708 9843 7500 


TO CONVERT .13 DECIMAL TO HEXADECIMAL 


. Find .1250 next lowest 
subtract 


— 


ho 


ao 


Find .0009 7656 2500 


. Find .0039 0625 next lowest to 


to . 1300 
-,1250 


.0050 0000 
-.0039 0625 


.0010 9375 0000 


-.0009 7656 2500 


~~ 


1o,) 


. Find .0001 0681 1523 4375 


.0001 1718 7500 0000 


-.0001 0681 1523 4375 


.0000 1037 5976 5625 


. .13 Decimal is approximately equal to 


W 


HALFWORD 


| 


.2Hex 


.01 


.004 


.0007 
.2147 Hex 


BYTE 





To convert fractions beyond the capacity of table, use techniques below: 


HEX ADECIMAL FRACTION TO DECIMAL 


Convert the hexadecimal fraction to its decimal equivalent using the same 
technique as for integer numbers. Divide the results by 16" (n is the 


number of fraction positions). 


Example: .8A7 = .54077110 
epale = Se0 54077) 
163 = 409% 4096[2215 .000000 


DECIMAL FRACTION TO HEXADECIMAL 


Collect integer parts of product in the order of calculation. 


.9408}9 = .8A716 


Example: 





cotter 


x16 
7.1168 


' 
SY 


Appendix F. 


Hexadecimal Tables 


F-7 


Hexadecimal Addition and Subtraction Table 


m 





Exomple:6+2=8, 8-2=6, and 8-6=2 


2 3 4 5 7 9 A B Cc D E 


CUS SCe ERIE RCECOC NCEE Sai 


steletwe ele im[slefeleletetn 


om | o |oc | w | oe | | wo | | | 


° 
N 
° 
> 
w 
> 


joe | o | om | om | oc | | oo fo || 2 || | is 





> 


| 

a 

5 
> 


Ba 
biG 
als 
5 |= 
Be 
AO |e 





5 


= 
5 
a 
a 
Oo 


Hexadecimal Multiplication Table 


co N o nn m® | Ww NY | = 


m oO 0 ow Oo 


n 


F-8 





Example: 2x 4=08, Fx 2= 








jo | ic | am | oe | aw | se | oo | mo [me | oc | om | me | ow | co | on 
jo |e | wm | ac | aw | sa] oo |v | om | ve | as | om | co | oe | ar 


System/370 Principles of Cperation 


Extended Binary-Coded-Decimal Interchange 
Code (EBCDIC) 


The 256-position EBCDIC table, outlined by the heavy 
black lines, shows the graphic characters and control char- 
acter representations for EBCDIC. The bit-position numbers, 
bit patterns, hexadecimal representations and card hole 
patterns for these and other possible EBCDIC characters are 
also shown. 

To find the card hole patterns for most characters, parti- 
tion the 256-position table into four blocks as follows: 


Block 1: Zone punches at top of table; 
digit punches at left 

Block 2: Zone punches at bottom of table; 
digit punches at left 

Block 3: Zone punches at top of table; 
digit punches at right 

Block 4: Zone punches at bottom of table; 
digit punches at right 





Fifteen positions in the table are exceptions to the above 
arrangement. These positions are indicated by small num- 
bers in the upper right corners of their boxes in the table. 
The card hole patterns for these positions are given at the 
bottom of the table. Bit-position numbers, bit patterns, and 
hexadecimal representations for these positions are found in 
the usual manner. 

Following are some examples of the use of the EBCDIC 
chart: 


Bit Pattern Hole Pattern 


Zone Punches Digit Punches 








00 00 0100 | 04 
01 10 1100 


1101 100) | 


ontrol Character, | 00 11 0000 30 | 12-11-0-91-8-1] 
function not yet | 
assigned l 











Bit Positions 
01 23 4567 


Appendix G. EBCDIC Chart G-1 



























































Bit Positions 0,1 


| Bit Positions 2,3 


F First Hexadecimal Digit 
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MOP NUL | OLE X 0 
oool | + PF q SOH | DCI SOS (3) a i a J (4) | 
ar 
—_ om | - 
oo10 | 2) BY stx | pc? | Fs SYN b k | 5 K 5 2 
mt ul Pte foe 
OOl] | 3h os ETX DC3 WUS IR c | t L T 3 A 
RES/ | BYP/ = 
0100 | 4 sf SEL | ENp INP PP d m u M U 4 
o101 | 5) BAHT NL LF TRN e 6 v N Vv 5 
s 
O1l0 | 6} RNL BS ETB NBS f rs) w [ oO Ww 6 
Oli) | 7) DEL POC ESC EQOT g p x P x 7 
1000 | 8} 4 GE | CAN SA SBS h q y Q Y 8 
ra 
1001 | 9 }@atq srs | em IT : r z R z 9 
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Closing Brace 
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APPENDIX H. CHANGES AFFECTING 
This appendix summarizes those changes 
included in the System/370 architecture 
that may affect whether or not a program 
written according to the System/360 


architecture runs on machines implementing 
the System/370 architecture described in 


this publication. Not included are 
descriptions of System/370 functions which 
are compatible extensions, that is, 
(1) those that are suppressed on 


initialization, such as block multiplexing, 
and (2) those that are specified in such a 
Manner that they cause program exceptions 
on System/360, Such as new instructions. 


REMOVAL OF USASCII-8 MODE 


System/360 provides for USASCII-8 by a mode 
under control of PSW bit 12. USASCII-8 was 
a proposed zoned-decimal code that has 
since been rejected. When bit 12 of the 
System/360 PSW is one, the preferred codes 
for the USASCII-8 are generated for decimal 
results. When PSW bit 12 1s zero, the 
preferred codes for EBCDIC are generated. 


In System/370, 
associated 
renoved. In 


the USASCII-8 mode and the 
meaning of PSW bit 12 are 
System/370, all instructions 
whose execution in System/360 depends’ on 
the setting of PSW bit 12 are executed 
qenerating the preferred codes for EBCDIC. 


Bit 12 of the PSW 
as follows: 


is handled in System/370 


° In models that do 
extended-control (EC) mode installed, 
a one in PSW bit position 12 causes a 
program interruption for specification 
exception. 


not have the 


e In models that have the EC mode 
installed, a one in PSW bit position 
12 causes the CPU to operate in the EC 
mode. 


OPERATION CODE FOR HALT 
CLEAR CHANNEL 


DEVICE AND FOR 


In System/370, the first 
operation code 


eight bits of the 
assigned to HALT DEVICE 
(HDV) are the same as those assigned to 
HALT I/O (HIO), the distinction between the 
two instructions being specified by bit 
position 15. In System/360, bit position 
15 is ignored, and the HIO function is 


performed for both instructions. 


In Systen/370, 
operation 
(CLRCH) are 


the first eight bits of the 
code assigned to CLEAR CHANNEL 

the same as those assigned to 
TEST CHANNEL, the distinction between the 
two instructions being specified by bit 
position 15. In System/360, and also in 
those Systen/370 machines which do not have 
CLRCH installed, bit position 15 is 
ignored, and the TCH function is performed 
for both instructions. 


LOGOUT 

In System/360, the logout area starts with 
location 128 and extends through as many 
locations as the given model requires. 
Portions of this area are used for 
machine-check logout, and other portions 
may be used for channel logout. While no 
limit is set on the size of the logout 
area, the extent of the area used on most 


System/360 models is less than that stored 
by a comparable Systemn/370 model. 


On System/370, the machine-check interrup- 
tion causes information to be stored at 
locations 216-239, 248-255, and 352-511. 
Additionally, the model may store logout 
information in the fixed logout area, 
locations 256-351, and the model may also 
have a machine-check extended loqout (MCEL) 
area, which, on initialization, is 
specified to start at location 512. 
Channels may place logout information in 
the limited channel logout area, locations 
176-179, and in the fixed logout area, 
locations 256-351. 

In Systen/360, 


logout is not permitted on 


data check. Systemn/370 permits logout to 
occur when the channel causes an I/0 
interruption with the data-check 
indication. 

COMMAND RETRY 

System/370 channels may provide command 
retry, whereby the channel, in response to 


a Signal from the device, 
execution of a channel command. Since I/0 
devices announced prior to System/370 do 
not signal for command retry, no problem of 


can retry the 


compatibility exists on these devices. 
However, some new devices, which would 
otherwise be compatible with former 
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devices, do signal for command retry. 


The effects 


of command retry usually are 


not significant; however, the following is 


a 


list of 


some of the differences which 


command retry cah cause: 


1. 


H-2 


An immediate command specifying no 
Chaining may result in setting 
condition code 0 rather than condition 
code 1. 


Multiple pct 
generated for 
PCI flaq. 


interruptions may be 
a single CCW with the 


Since CCWs may te refetched, programs 
which dynamically modify CCWs may be 
affected. 


The residual count in the CSW reflects 
only the last execution of the command 


and does hot necessarily reflect the 
maximum storage used in previous 
executions. 
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CHANNEL PREFETCHING 


In System/360, onan output operation, as 
any as 16 bytes may be prefetched and 
buffered; similarly, with data chaining 
specified, the channel may prefetch the new 
ccW when up to 16 bytes remain to be 
transferred under control of the current 
ccW. In System/370, the restriction of 16 
bytes is removed. 


VALIDITY OF DATA 


In System/360, the contents of main storage 
are preserved when power is turned off. In 
System/370, because main storage may be 
volatile or nonvolatile, the program must 
not depend on the validity of data in main 
storage after system power has been lost or 
turned off and then restored. 


This appendix summarizes those changes 
included in the System/370 architecture 
that may affect whether or not a program 
written according to the original 
System/370 architecture runs on machines 
implementing the architecture described in 
this publication. Not included here are 
descriptions of compatible extensions, such 
as new facilities incor porated in 
System/370 that make use of unassigned 
operation codes and format. 


READ DIRECT AND WRITE DIRECT 


When the instruction INVALIDATE PAGE TABLE 
ENTRY is installed, the following changes 
apply: 


e Both READ DIRECT and WRITE DIRECT are 
changed to use real instead of logical 
addresses. 


° Program-event recording does not apply 


to the storage alteration performed by 
READ DIRECT. 


STORE ACCESSES 


to when 
can take 


The following 
ah access 
place. 


changes are made as 
to storage for storing 


e When the execution of the instruction 
is nullified or suppressed because of 
certain program exceptions, an update 
may occur at the operand location. 
Originally no storage access was 
permitted. In some of these 
Situations, the channel may observe 
intermediate results which differ from 
the final result. See the section 
"Exceptions to Nullification and 
SuppresSion" in Chapter 5, "Program 
Execution." 

e When the mask in STORE CHARACTERS 

UNDER MASK is zero, an update may 

occur at the byte location designated 

by the operand address. Originally no 
storage accesS was permitted. 


e When the result of comparison in 
COMPARE AND SWAP or COMPARE DOUBLE AND 
SWAP is unequal, an update may occur 
at the operand location. Originally 
no storage access was permitted. 


° When the result of the store operation 
is defined to be unpredictable, such 
as for STORE CLOCK with the clock in 
the error state, the store access may 
be omitted. 6low Whether or not a 
store access takes place is visible to 
the program in four ways: an access 
exception may be indicated, the change 


bit may be set, a PER storage- 
alteration event may be indicated, 
and, for stores that are part of an 
update, the channel may observe the 
distinct accesses for fetching and 
Storing. The fetch and store parts of 


an update interlocked to 


another CPU. 


appear 


Whether or not a store access’ takes place 
is visible to the program in four ways: an 
access exception may be indicated, the 
change bit may be set, a PER 
storage-~alteration event may be indicated, 
and, for stores that are part of an update, 
the channel may observe the distinct 
accesses for fetching and storing. The 
fetch and store parts of an update appear 
interlocked to another CPU. 


FETCH ACCESS 


Originally the definition required that, 
with the exception of sone compare 
instructions, access exceptions on fetching 
be indicated for the unused portion of an 
operand. The changed definition permits 
the indication of the access exception for 
the unused parts to be unpredictable, 
except that an access exception still must 
be indicated for TEST UNDER MASK, INSERT 
CHARACTERS UNDER MASK, and COMPARE LOGICAL 
CHARACTERS UNDER MASK when the mask is 
Zero. 


OPERAND-ACCESS CONSISTENCY 


Originally the access for the operand of 
LOAD MULTIPLE was specified to be 
doubleword-concurrent; that is, all bytes 
within a doubleword appear to all CPUs to 
be accessed concurrently. This definition 
is changed to require doubleword 
concurrency only if the operand is 
designated on a word boundary. 


The restriction is removed that, during the 
padding portion of a MOVE LONG execution, 
another CPU can observe the operand to be 
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‘stored only once and only in the left-to- 


right sequence. 


CHANGE BIT 


Originally the Systen/370 architecture 
specified that the change [Fit be set to one 
each time information is stored in the 
corresponding storage block. This 
definition is changed as follows: 


e The change bit now is necessarily set 


to one only when the contents of the 
corresponding storage block are 
changed. In Situations where 
execution of the instruction can be 
completed without making a store 
access, such aS in MOVE (MVC) with 


coincident operands or in OR (OI) with 
an immediate operand of zeros, the 


change bit may be unaffected. 
However, even when the change bit is 
not set, any applicable access 


exceptions or PER storage-alteration 
events are still indicated. 


e The change bit may be set to one aS a 
result of those situations described 
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in the section "Store Accesses" in 


this appendix. 


e Because of CPU retry, the change bit 
may be set to one for locations which 
the program hasS not accessed. 


SUBCHANNEL INTERRUPTION STATE 


Originally only status associated with the 
termination of an I/O operation could cause 
the subchannel to enter the interruption- 
pending state. Status not associated with 
the termination of an I/O operation was 
held pending at the device, and the 
subchannel would be available. The changed 
definition allows status not associated 
with the termination of an I/O operation to 
be accepted into the subchannel. AS a 
result of this change, a subchannel that is 
shared among multiple devices may cause 
condition code 2 to be returned to a START 
I/O or TEST I/0 instruction even if no 
previous START I/0 had been issued to the 
addressed device. This busy state persists 
until the interruption condition is 
cleared. 


A 


absolute address 3-4 
absolute storage 3-5 
assigned locations in 3-32 
access-control bits 3-6 
access exceptions 6-24 
priority of 6-26 
access key 3-6 
ADD (A,AR) binary instructions 7-7 
ADD DECIMAL (AP) instruction 8-5 
example A-29 
ADD HALFWORD (AH) instruction T7-7 
example A-8 
ADD LOGICAL (AL,ALR) instructions 7-8 
ADD NORMALIZED (AD,ADR,AE,AER,AXR) 
instructions 9-6 
example A-34 
ADD UNNORMALIZED (AU,AUR,AW,AWR) 
instructions 9-7 
example A-35 
address 
arithmetic 3-5 
unsigned binary 7-3 
base 5-5 
channel-set 4-41 
comparison 13-2 
effect on CPU state 4-2 
CPU 4-36 
effective (See effective address) 
failing-storage (See failing-storage 
address) 
format 3-3 
generation 5-5 
for storage addressing 3-2 
I/O (channel/device) (See I/O address) 
instruction (See instructions, address 
of) 
invalid 6-14 
logical (See logical address) 
numbering of byte locations 3-2 
PER 4-16 
primary virtual 3-5 
secondary virtual 3-5 
summary information 3-27 
transformation 3-4 
by DAT 3-11 
by prefixing 3-9 
translation (DAT) 3-11 
by LOAD REAL ADDRESS instruction 
10-17 
control of 3-12 
type of 3-4 
wraparound 3-2 
address-compare controls 13-2 
address space 3-10 
control bit 
in PSW 4-7 
use in address translation 3-13 
created by DAT 3-11 
number (See ASN) 
address-space number (ASN) 5-12 
addressing exception 6-14 


as an access exception 6-24 
AFT (ASN first table) 5-23 
AFTO (ASN-first-table origin) 5-23 
AFX (ASN-first-table index) 5-22 
invalid bit 5-23 
translation exception 6-16 
AKM (authorization key mask) 5-20 
alert 
as class of machine-check conditions 
11-12 
error (in limited channel logout) 12-73 
allowed interruptions 6-5 
alter-and-display controls 13-2 
alteration 
general-register (PER event) 4-18 
storage (PER event) 4-18 
AND (N,NC,NI,NR) instructions 7-8 
examples A-8 


arithmetic 
binary 7-3 
decimal (See decimal instructions) 
floating-point (See floating-point 
instructions) 
logical (See unsigned binary 
arithmetic) 


ASN (address-Space number) 
authorization 5-26 
first table (AFT) 9-23 

index (AFX) 5-22 

Origin (AFTO) 5-23 
in entry-table entry 5-20 
second table (AST) 5-23 

index (ASX) 5-22 

Origin (ASTO) 5-23 
translation 5-22 

exceptions 6-29 

specification exception 6-16 
translation control 5-16,5-22 

assembler language A-7 
instruction formats in (See individual 

instruction descriptions) 

assigned storage locations 3-29 

AST (ASN second table) 5-23 

ASTO (ASN-second-table origin) 5-23 

ASX (ASN-second-table index) 5-22 
invalid bit 5-23 
translation exception 6-16 

asynchronous logout 11-26 

AT (authority table) 5-16 

ATL (authority-table length) 5-23 

ATO (authority-table origin) 5-23 

attached TLB entry 3-22 

attachment of I/O devices 12-2 

attention (I/O-unit status) 12-56 

authority, testing for 5-26 

authority table (AT) 5-16 
designation 5-23 

authorization index (AX) 5-16 

authorization key mask (AKM) 5-20 

auxiliary storage (See storage, auxiliary) 

available state (I/O system) 12-10 

AX (authorization index) 5-16 


3-11,5-12 


Index X-1 


B 


B field of instruction 5-5 
backed-up bit 11-18 
backup condition 11-19 
base address 5-5 
register 2-3 
basic control (See BC mode) 
basic sense 12-45 
BC (basSic-control) mode 4-4 
program conversion to EC mode 10-41 
PSW format in 4-8 
binary 
(See also fixed-point) 
arithmetic 7-3 
negative zero 7-2 
number representation 7-2 
examples A-2 
one's complement for /7- 
two's complement for /7- 
overflow 7-3 
example A-2 
Sign bit 7-2 
binary-to-decimal conversion 7-17 
block-concurrent storage references 5-35 
block-multiplexer channel 12-5 
block-multiplexing control 12-5 
effect on CLEAR I/0O instruction 12-17 
effect on START I/O FAST RELEASE 
instruction of 12-25 
block of I/O data 12-33 
incorrect length for 12-62 
self-describing 12-38 
block of storage 3-4 
(See also page) 
testing for usability 10-46 
borrow 7-38 
boundary alignment 3-3 
for instructions 5-3 
branch address 5-5 
BRANCH AND LINK (BAL,EALR) instructions 
7-9 
example A-8 
BRANCH AND SAVE (BAS,BASR) instructions 
7-9 
branch-and-save feature D-4 
BRANCH ON CONDITION (BC,BCR) instructions 
7-10 
example A-9 
BRANCH ON COUNT (BCT,BCTR) instructions 
7-11 
example A-9 
BRANCH ON INDEX HIGH (BXH) instruction 
7-11 
example A-10 
BRANCH ON INDEX LOW OR FQUAL (BXLE) 
instruction 7-11 
branching 5-5 
buffer storage (cache) 3-2 
burst mode (channel operation) 12-4 
bus~out check (bit in I/0-sense data) 
12-45 
busy 
as CPU state 4-38 
as I/O-unit status 12-57 
in I/O operations 12-7 
byte 3-2 
byte index 3-12 
byte-multiplex mode (channel operation) 


3 
2 
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12-4 
byte-multiplexer channel 12-4,12-26 
byte-oriented-operand feature 3-4 


cache 3-2 


CAI (channel-available interruption) 12-54 


carry 7-3 
CAW (channel-address word) 12-33 
assigned storage location for 3-30 
in initial program loading 4-34 
CBC (checking-block code) 11-2 
in registers 11-9 
in storage 11-6 
in storage keys’ 11-7 
CC (chain-command) flag in CCW 12-34 
CCW (channel-command word) 12-33 
address in CAW 12-33 
address in CSW 12-55 
contents of 12-66 
validity flag for 12-72 
command code 12-34,12-42 
format 12-33 
in initial program loading 4-34 


assigned storage locations for 3-32 


prefetching of 12-35,12-38 
role in I/O operations 12-6 
CD (chain-data) flag in CCW 12-34 
central processing unit (See CPU) 
chain-command (CC) flag in CCW 12-34 
chain-data (CD) flag in CCW 12-34 
chaining 12-36 
command 12-39 
data 12-38 
chaining check (channel status) 12-65 
change bit 3-6 
change recording 3-9 
channel 2-6,12-3 
address (See I/O address) 
address word (CAW) 12-33 
block-multiplexer 12-5 
byte-multiplexer 12-4,12-26 
command word (See CCW) 
commands (See commands) 
control check (channel status) 12-64 
data check (channel status) 12-64 
end (I/O-unit status) 12-60 
equipment error 12-14 
identification (ID) 12-28 
asSigned storage location for 3-31 
in I/O-communication area 12-71 
indirect data addressing 12-41 
feature D-4 
role in I/O operations 12-6 
logout 12-69 
masks 6-15 
difference between EC and BC modes 
4-4 
in BC-mode PSW 4-8 
model and type 12-28 
multiplexer 12-5 
not operational (I/O-system state) 
12-11 
bit in external-damage code 11-23 
progran 12-6 
programming error 12-14 


sy 


2 


J 


selector 12-4 
serialization 5-38 
Status 12-62 


status word (CSW) 12-55 


information provided by 12-65 
timeout 12-4 
type code 12-28 
working (I/O-system state) 12-11 


channel-available interruption (CAT) 
channel-control failure (bit in 
external-damagqe code) 11-23 
channel set 2-~6,4-41 
address 4-41 
resetting of connections for 4-33 
Switching feature D-4 
channel-to-channel adapter 12-2 
channel-type code 12-28 
characteristic (of floating-point number) 
9-1 
check bits 3-3,11-2 
check control 13-2 
check stop 11-10 
aS Siqnal-processor status 4-40 
indicator 13-3 
State 4-2 
control bit for 11-14,11-26 
due to malfunctioning manual 
operation 13-1 
effect on CPU timer 4-27 
entering of 11710,11-14 
malfunction alert when entering 6-12 
Manual control for 13-2 
system 11-11 
checking block 11-2 
code (See CBC) 
checkpoint 11-3 
synchronization 11-3 
tracing 4-13 
CLEAR CHANNEL (CLRCH) instruction 12-16 
CLEAR I/C (CLRIO) instruction 12-17 
termination of I/O operation by 
clear-I/C feature D-4 
clear reset 4-33 
clearing of storage by TEST BLOCK 
instruction 10-46 
clearina operation 
by clear-reset function 4-33 
by load-clear key 13-4 
by system-reset-clear key 13-5 
(See TOD clock) 
clock comparator 4-26 
as part of feature D-2 
external interruption 6-10 
machine-check save area for 3-31 
store-status save area for 3-32 


12-54 


12-52 


validity bit for 11-21 
Clock unit 4-25 
code 
checkinq-block 11-2 
command 12-34 
condition (See condition code) 


decimal digit and sign 8-2 

external-damage 11-22 
validity bit for 11-21 

instruction-length (See 

instruction-length code) 

interruption 6-5 

monitor 6-18 

operation 5-2 


PER 4~16 
region 11-24 
validity bit for 11-21 
sequence (in limited channel logout) 


12-73 
version 10-44 
commands (I/0) 12-42 
basic sense 12-45 
Chaining of 12-39 


during initial program loading 4-34 
code in CCW 12-34 
control 12-44 
read 12-43 
read backward 12-44 
rejection of 12-49 
bit in I/O-sense data 
retry of 12-47 
feature for D-4 
sense 12-45 
sense ID 12-46 
transfer in channel 
write 12-43 
commercial instruction set D-1 
common-Segment bit 3-16 
communication area, I/Q 12~71 
COMPARE (C,CR) binary instructions 7-12 
COMPARE (CD,CDR,CE,CER) floating-point 
instructions 9-8 
example A-35 
COMPARE AND SWAP (CS) instruction 7-12 
examples A-37 
COMPARE DECIMAL (CP) instruction 8-5 
example A-29 
COMPARE DOUBLE AND SWAP (CDS) instruction 
7-12 
COMPARE HALFWORD (CH) instruction 7-14 
example A-11 
COMPAPE LOGICAL (CL,CLC,CLI,CUR) 
instructions 7-14 
examples A-11 
COMPARE LOGICAL CHAPACTBERS UNDER MASK (CLM) 
instruction 7-15 
example A-12 
COMPARE LOGICAL LONG (CLCL) instruction 
7-15 
example A-13 
comparison 
address 132 
decimal 8-5 
floating-point 9-8 
logical 7-4 
Signed-binary 7-4 
TOD-clock 4-26 
compatibility 1-3 
I/O operation 12-7 
of 8C-mode PSW with System/360 4-4 
completion of instruction 5-8 
conceptual sequence 5-29 
effect on storaqe~operand accesses 5-26 
conclusion of data transfer (I/0) 12-50 
conclusion of I/O operatians 12-48 
concurrency of storage references 5-35 
condition code 5-§ 


12-45 


12-47 


deferred 12-12 
for SIOF function 12-264 
in CSW 12-55 
for I/O operations 12-12 
in PSW 4-7,4-8 


tested by BRANCH OW CONDITION 


Index xX-3 


instruction 7-10 
validity bit for 11-20 
conditional-swapping feature D-2 
conditions for interruption (See 
interruption) 
CONNECT CHANNEL SET (CONCS) instruction 
10-5 
connection of channels (See channel set) 
connective (See logical connective) 
consistency (storage operand) 5-35 
console device 13-1 
control 4-2 
as an I/O command 
instructions 10-1 
manual (See manual operations) 
register 2-4 
description and assignments 4-9 
machine-check save area for 3-31 
store-status save area for 3-32 
validity bit for 11-21 
control unit 2-6,12-3 
end (T/O-unit status) 
Sharing of 12-5 
conversion 
binary-to-decinal 7-17 
decimal-to-binary 7-17 
floating-point-number 
basic example A-7 
instruction-sequence examples A-35 
of program from BC to EC mode 10-41 
CONVERT TO BINARY (CVB) instruction 7-17 
example A-14 
CONVERT TO DECIMAL (CVD) instruction 7-17 
example A-14 
count field 
in CCW 12-34 
in CSW 12-56 
contents of 12-67 
counter updating (example) A-38 
counting operations 7-11 
CPU (central processing unit) 2-2 
address 4-36 
assigned storage location for 3-30 
when stored during external 
interruptions 6-9 
checkpoint 11-3 
hangup due to string of interruptions 
4-3 
identification (ID) 
model number 10-44 
power-on reset 4-34 
registers 2-3 
Save area for 3-31 
reset 4-32 
as signal-processor order 4-38 
retry 11-3 
serialization 5-37 
Signalingq 4-36 
State 4-2 
no effect on TOD clock 4-23 
timer 4-27 
as part of feature D-2 
external interruption 6-10 
machine-check save area for 3-31 
store-status save area for 3-32 
validity bit for 11-21 
version code 10-44 
CR (See control register) 
CSW (channel-~status word) 


12-44 


12-57 


10-44 


12=55 
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assigned storage location for 3-30 
information provided by 12-65 


CCW address 12-66 

count 12-67 

status 12-68 

Subchannel key 12-66 
current PSW 4-3,5-6 


stored during interruption 6-2 


D 


D field of instruction 5-5 
damage 
code, external 11-22 
validity bit for 11-21 
external 11-18 
mask bit for 11-26 
instruction- processing 
interval-timer 11-17 
processing 11-19 
system 11-16 
timing-facility 11-17 
DAS (dual-address-space) facility 5-11 
DAT (See dynamic address translation) 
DAT mode (bit in PSW) 4-6 
use in address translation 3-12 
data 
chaining of (I/0) 12-38 
CCW prefetch for 12-38 
check (bit in I/0-sense data) 
exception 6-16 
format for 
decimal instructions 8-1 
floating-point instructions 9-2 
general instructions 7-2 
I/fO-sense 12-45 
prefetching for output operation 12-35 
transfer (I/0), conclusion of 12-50 
decimal 
comparison 8-5 
digit codes 8-2 
divide exception 6-17 
instructions 8-1 
examples A-29 
number representation 8-1 
examples A-5 
operand overlap 8-3 
overflow 
exception 6-17 
mask in PSW 4-7,4-8 
rounding and shifting 8-11 
Sign codes 8-2 
decimal-to-binary conversion 7-17 
decision-making 5-6 
deferred condition code 
code, deferred) 
degradation (machine-check condition) 
11-18 
mask bit for 11-26 
delay in storing 5-33 
deletion of malfunctioning unit 11-4 
designation (origin and length) 
authority table 5-23 
entry table 5-19 
linkage table 5-19 
in AST entry 5-24 
page table 3-15 


11-17 


12-45 


(See condition 


i 


J 


primary segment table 3-14 instruction address 5-20 


secondary segment table 3-15 key mask (EKM) 5-20 
segment table 3-14 parameter 5-20 
in AST entry 5-23 problem state 5-20 
destructive overlap 5-36,7-25 table (ET) 5-19 
detect field (in limited channel loqout) designation 5-19 
12-72 epoch (for TOD clock) 4-24 
device (See I/O device) equipment check 
address (See I/O address) as Signal-processor status 4-40 
console 13-1 bit in I/O-sense data 12-45 
end (I/O-unit status) 12-60 error 
DIAGNOSE instruction 10-5 alert (in limited channel logout) 12-73 
used for service-processor communication channel-equipment 12-14 
4-29 channel-programming 12-14 
digit codes (decimal) 8-2 checking and correction 11-2 
digit selector 8-7 device 12-15 
direct-access storage 3-1 effect of DIAGNOSE instruction 10-5 
direct control 4-22 in PSW format 6-8 
feature D-2 intermittent 11-5 
disabling state of TOD clock 4-23 
for interruptions 6-5 Storage 11-19 
of interval timer 4-28 storage-key 11-20 
disallowed interruptions 6-5 ET (entry table) 5-19 
DISCONNECT CHANNEL SFT (DISCS) instruction ETL (entry-table length) 5-19 
10-6 ETO (entry-table origin) 5-19 
displacement 5-5 event 6-14 
display (manual controls) 13-2 PER 4-14 
DIVIDE (D,DR) binary instructions 7-18 Space-switch 5-17 
example A-15 EX (entry index) 5-18 
DIVIDE (DD,DDR,DE,DER) floating-point translation exception 6-17 
instructions 9-9 EX (EXECUTE) (See EXECUTE instruction) 
DIVIDE DECIMAL (DP) instruction 8-5 exceptions 6-14 
example aA-29 access 6-24 
divide exception addressing 6-14 
decimal 6-17 AFX-translation 6-16 
wd fixed-point 6-18 ASN-translation 6-29 
floating-point 6-18 ASN-translation-specification 6-16 
doubleword 3-3 associated with PSW 6-8 
concurrency of reference 5-35 ASX-translation 6-16 
dual-address-space (DAS) facility 5-11,D-3 data (decimal) 6-16 
dump, standalone 13-5 decimal-divide 6-17 
dynamic address translation (DAT) 3-11 decimal-overflow 6-17 
mode bit in PSW 4-6 early recognition of 6-8 
sequence of table fetches 5-32 EX-translation 6-17 


execute 6-17 
exponent-overflow 6-17 
exponent-underflow 6-17 


E fixed-point-divide 6-18 
fixed-point-overflow 6-18 
early exception recognition 6-8 floating-point-divide 6-18 
EC (extended-control) mode 4-4 for invalid translation addresses and 
control bit in PSW 4-6,4-8 formats 3-21 
ECC (error checking and correction) 11-2 late recognition of 6-8 
EDIT (ED) instruction 8-6 Lx-translation 6-18 
example A-30 operation 6-19 
EDIT AND MARK (EDMK) instruction 8-10 page-translation 6-19 
example A-31 PC-translation-specification 6-20 
editing instructions 8-3 primary-authority 6-20 
effective address 3-5 privileged-operation 6-20 
used for storage interlocks 5-30 for I/O instructions 12-32 
effective segment-table designation 3-17 protection 6-21 
EKM (entry key mask) 5-20 secondary-authority 6-21 
emergency signal seqment-translation 6-21 
aS signal-processor order 4-37 Significance 6-22 
external interruption 6-10 Special-operation 6-22 
enabling (for interruptions) 6-5 specification 6-22 
( entry trace 6-29 
in trace table 4-13 translation-specification 6-23 
index (EX) 5-18 EXCLUSIVE OR (X,XC,XI,XR) instructions 


Index x-5 


7-18 
examples A-15 
EXECUTE (EX) instruction 7-19 
effect of address comparison on target 
instruction of 13-2 
example A-17 
exceptions while fetching target 
instruction of 6-7 
PER event for target instruction 4-18 
execute exception 6-17 
exigent machine-check condition 11-11 
exponent 9-1 
(See also floating point) 
overflow 9-1 
exception 6-17 
underflow 9-1 
exception 6-17 
mask in PSW 4-7,4-8 
extended control (See EC mode) 
extended facility (feature) D-4 
extended floating-point number 9-2 
extended logout 
I/O 12-69 
control bit for 11-27 
machine-check 11-26 
address 11-27 
validity bit for 11-21 
extended-precision floating-point feature 
D-2 
external 
call 
as Signal-processor order 4-37 
external interruption due to 6-11 
pending (sigqnal-processor status) 
4-40 
damage 11-18 
mask bit for 11-26 
damage code 11-22 
assigned storage location for 3-31 
validity bit for 11-21 
interruption 6-9 
Cclock-comparator 4-26,6-10 
CPuU-timer 4-27,6-10 
emergency-Signal 6-10 
external-call 6-11 
external-signal 6-11 
interrupt-key 6-11 
interval-timer 4-28,6-11 
malfunction-alert 6-12 
service-signal 4-29,6-12 
TOD-clock-sync-check 6-12 
mask in PSW 4-6,4-8 
Signal 6-11 
facility 4-22 
feature D-2 
external secondary report (bit in 
external-damage code) 11-22 
externally initiated functions 4-29 
EXTRACT PRIMARY ASN (EPAR) instruction 
10-6 
EXTRACT SECONDARY ASN (ESAR) instruction 
10-7 
extraction-authority-control bit 5-15 
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facilities D-1 
failing-storage address 11-24 
assigned storage location for 3-31 
validity bit for 11-20 
fast-release feature (I/0) D-4 
features D-1 
fetch protection 3-6 
bit in storage key 3-6 
fetch reference 5-33 
access exceptions for 6-24 
fetching 
of DAT-table entries 5-32 
of instructions 5-31 
field 3-2 
field separator 8-7 
fill byte 8-6 
fixed-length field 3-3 
fixed logout 
assigned storage location for 3-31 
channel 12-69 
machine-check 11-26 
fixed point 
(See also binary) 
divide exception 6-18 
overflow exception 6-18 
mask in PSW 4-7,4-8 
flags 
field-validity (in limited channel 
logout) 12-72 
in CCW 12-34 
Significance of 12-43 


clearing of 4-33 


JY 


floating interruption conditions 6-6,11-25 
) 


floating point 

(See also exponent) 

comparison 9-8 

conversion 
basic example A-7 
instruction-sequence examples A-35 

data format 9-2 

divide exception 6-18 

feature D-1 

instructions 9-1 
examples A-34 

Numbers 9-1 
examples A-5 

register 2-3 
machine-check save area for 3-31 
store-status save area for 3-32 


floating-point, register, validity bit for 


11-21 
floating point, shifting (See 
normalization) 
format 
basic sense data (I/0) 12-45 
CAW (channel-address word) 12-33 
CCW (channel-command word) 12-33 
control 12-44 
read 12-43 
read backward 12-44 
sense ID 12-46 
transfer in channel 12-47 
write 12-43 
CSW (channel-status word) 12-55 
data 
decimal 8-1 
floating-point 9-2 


general-instruction 7-2 
I/O address 12-15 
I/O instruction 12-15 
IDAW (indirect-data-address word) 
information 3-2 
instruction 5-3 
PSW 4-4 
error 6-8 
sense ID, data 12-46 
format CCW (channel-command word), basic 
sense 12-45 
fraction 9-1 
full channel logout 
fullword (See word) 


12-41 


12-69 


G 


general instructions 7-2 
data formats for 7-2 
examples A-8 

general registers 2-3 
alteration of (PER event) 4-18 
machine-check save area for 3-31 
store-status Save area for 3-32 
validity bit for 11-21 

guard digit 9-3 


halfword 3-3 
concurrency of reference 5-35 
HALT DEVICE (HDV) instruction 12-19 


termination of I/O operation by 12-51 
HALT I/O (HIO) instruction 12-22 
termination of I/O operation by 12-51 


HALVE (HDR,HER) instructions 9-10 
header, tracing 4-12 
hexadecimal (hex) representation 5-4 


I 


I field of instruction 5-4 
I/O (input/output) 2-4,12-2 
address 12-8 
assigned storage location for 3-31 
format of 12-15 


in I/O-communication area 12-74 
validity flags for 12-72 
command, retry of 12-47 
commands 12-42 
communication area (IOCA) 12-71 
control unit 2-6,12-3 
data block 12-33 
data transfer, conclusion of 12-50 
device 2-6,12-2 
address 12-8 
error 12-15 


not-ready state 12-10 
status of 12-45 
used for initial program loading 
4-34 
effect on CPU timer 4-27 
effect on interval timer 4-28 


error 
alert (in limited channel logout) 
12-73 
With machine check 11-5 
extended logout (IOEL) 12-69 
control bit for 11-27 
feature D-5 
instructions 12-15 
timeout (bit in external-damage code) 
11-23 
interface 
control check (channel status) 
inoperative 12-73 
position (effect on interruption 
priority) 12-54 
interruption 6-13 
action 12-54 
channel-available (CAI) 
conditions 12-52 
priority 12-54 
timeout (bit in external-damage code) 
11-23 
logout 12-69 
mask in PSW 4-6,4-8 
Operations 12-2 
chaining 12-36 
channel compatibility 12-7 
conclusion of 12-48 
immediate 12-49 
initiation of 12-32 
pending 12-25 
storage-area designation for 
termination of 12-51 
power-on reset 4-34 
selective reset 12-11 
sense data 12-45 
status 12-56,12-62 
system reset 12-11 
aS part of program reset 4-33 
as part of subsystem reset 4-33 
effect on channel set 4-42 
system state 12-9 
Ic (instruction counter) 
address) 
ID (See channel identification, CPU 
identification) 
IDA (indirect-data-address) flag 
IDAW (indirect-data-address word) 
format 12-41 
ILC (instruction-length code) 6-6 
IML (initial microprogram loading) controls 
13-3 
immediate I/O operation 
immediate operand 5-4 
implicit tracing 4-11 
imprecise program interruptions 6-7 
incorrect length (channel status) 12-62 
index 
for address generation 5-5 
instructions for handling 7-11 
into ASN first and second tables 5-22 
into authority table 5-16 
into entry and linkage tables 5-18 
register 2-3 ; 
indicator 
check-stop 13-3 
load 13-3 
Manual 13-4 
test 13-5 


12-64 


12-54 


12-35 


(See instruction 


12-34 


12-41 


12-49 
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wait 13-6 
indirect data address 12-41 
flag (IDA flag) 12-34 
. role in I/0 operations 12-6 
word (IDAW) 12-41 
information format 3-2 
initial CPU reset 4-32 
aS Signal-processor order 4-38 
initial microprogram loading (IML), as 
Signal-processor order 4-38 
initial program loading (IPL) 4-34 
assigned storage locations for 3-32 
effect on CPU state 4-3 
initial program reset 4-33 
aS Signal-processor order 4-37 
input/output (See I/0) 
INSERT ADDRESS SPACE CONTROL (IAC) 
instruction 10-7 
INSERT CHARACTER (IC) instruction 7-20 
INSERT CHARACTERS UNDER MASK (ICM) 
instruction 7-20 
examples A-17 
INSERT PSW KEY (IPK) instruction 10-8 
INSERT STORAGE KEY (ISK) instruction 10-9 
INSERT VIRTUAL STORAGE KEY (IVSK) 
instruction 10-9 
instruction sets D-1 
instructions 
address of 4-7,4-9 
in address translation 3-5 
in entry-table entry 5-20 


validity bit for 11-20 
backing up of 11-19 
Classes of 2-2 
control 10-1 
damage to 11-17,11-19 


decimal 8-1 
examples A-29 
examples of use A-7 
execution 5-6 
fetching of 5-31 
access exception for 6-24 
PER event 4-18 
floating-point 9-1 
examples A-34 
format 5-3 
I/O 12-15 
general 7-2 
examples A-8 
I/O 12-15 
exception handling 12-32 
role in I/O operations 12-6 
interruptible 5-8 
length code (ILC) 6-6 
assigned storage locations for 3-30 
for program interruptions 6-14 
for supervisor-call interruption 
6-30 
in BC-mode PSW 4-8 
length of 5-4 
modification by EXECUTE instruction 
7-19 
prefetching of 5-31 
privileged 4-6,4-8 
for’ control 10-1 
for I/O 12-15 
processing damage 11-17,11-19 
seniprivileged 10-2 
sequence of execution 5-2 
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stepping of (rate control) 13-4 
effect on CPU state 4-2 
effect on CPU timer 4-27 

integer 
binary 7-2 
address as 5- 
examples A-2 
decimal 8-2 
integral boundary 3-3 
interface (See I/O interface) 
interface-control check (channel status) 
12-64 

interlock of storage 5-30 

for update references 5-34 
interlocked update (in tracing) 4-12 
intermittent errors 11-5 
internal storage (See storage, internal) 
interrupt key 13-3 

external interruption 6-11 
interruptible instructions 5-8 

COMPARE LOGICAL LONG 7-16 

effect on interval timer 4-28 

MOVE LONG 7-26 

stopping of 4-2 

TEST BLOCK 10-47 

interruption 6-2 

(See also masks) 

action 
I/O 12-54 
machine-check 

classes 6-5 

code 6-5 
assigned storage locations for 3-30 
I/O 6-13 
in BC-mode PSH 4-8 
machine-check 11-15 
program 6-14 
supervisor-call 6-30 

conditions 
clearing 4-32 
I/O 12-52 

effect on instruction sequence 5-8 

external 6-9 

floating conditions 6-6,11-25 

identification, assiqned storage 

locations for 3-30 

input/foutput 6-13 

machine-check 6-13,11-11 
code 11-15 
floating conditions 

masking of 6-5 

pending 6-5 
external 6-9 
I/O 12-10 
machine-~check 11-13 
relation to CPU state 4-2 

priority 6-30 
access exceptions for 6-26 
ASN-translation exceptions 6-29 
external 6-10 
I/O 12-54 
PER event 4-16 
program-interruption conditions 6-24 
trace exceptions 6-29 

program 6-14 
imprecise 6-7 

program-controlled (I/0) 12-40 

restart 6-29 

string (See string of interruptions) 


5 


11-12 


11-25 


J 


J 


C 


C 


supervisor-call 6-30 
interval timer 4-28 
damage 11-17 
external interruption 6-11 
Manual control for 13-3 
update reference 5-37 
intervention required (bit in I/0-sense 
data) 12-45 
invalid 
address 6-14 
ASN-first-table entry 5-23 
ASN-second-table entry 5-23 
CBC 11-2 
in registers 11-9 
in storage 11-6 
in storage keys’ 11-7 
channel programs 12-63 
linkage-table entry 5-19 
operation code 6-19 
order (siqnal-processor status) 4-40 
page 3-16 
segment 3-16 
translation address 3-21 
translation format 3-14 
exception recognition 3-21 
INVALIDATE PAGE TABLE ENTRY (IPTE) 
instruction 10-10 
effect when CPU is stopped 4-2 
inverse move 7-24 
IOCA (I/O-communication area) 12-71 
IOEL (I/0 extended logout) 12-69 
address 12-71 
assigned storage location for 3-31 
maximum length 12-28 
IPL (initial program loading) 4-34 
asSigned storage locations for 3-32 


K 
key 
access 3-6 
for I/O (See subchannel key) 
manual (See manual operations) 


PSW (See PSW key) 

storage (See storage key) 

subchannel (See subchannel key) 
key-controlled protection 3-6 

exception for 6-21 

not for translation-table lookup 3-18 
key handling, overview of 5-14 
key mask 

authorization 5-20 

entry 5-20 

PSW 5-15 


L 


L fields of instruction 5-4 
late exception recognition 6- 
left-to-right addressing 3-2 
length 

field 3-2 

I/O-block 12-62 

(See also count field) 
instruction 5-4 


8 


register operand 5-4 
variable (storage operands) 5-4 
limited channel logout 12-69 
assigned storage location for 3-31 
feature D-4 
link information 
for BRANCH AND LINK instruction 7-9 
for BRANCH AND SAVE instruction 7-10 
linkage (subroutine) 5-6 
linkage index (LX) 5-18 
linkage table (LT) 5-19 
designation (LTD) 5-19 
in AST entry 5-24 
linking, overview of 5-14 
LOAD (L,LR) binary instructions 7-21 
example A-18 
LOAD (LD,LDR,LE,LER) floating-point 
instructions 9-10 
LOAD ADDRESS (LA) instruction 7-21 
examples A-18 
LOAD ADDRESS SPACE PARAMETERS (LASP) 
instruction 10-11 
LOAD AND TEST (LTDR,LTER) floating-point 
instructions 9-11 
LOAD AND TEST (LTR) binary instruction 
7-21 
load-clear key 13-4 
LOAD COMPLEMENT (LCDR,LCER) floating-point 
instructions 9-117 
LOAD COMPLEMENT (LCR) binary instruction 
7-22 
LOAD CONTROL (LCTL) instruction 10-16 
LOAD HALFWORD (LH) instruction 7-22 
examples A-19 
load indicator 13-3 
LOAD MULTIPLE (LM) instruction 7-22 
LOAD NEGATIVE (LNDR,LNER) floating-point 
instructions 9-12 
LOAD NEGATIVE (LNR) binary instruction 
7-23 
load-normal key 13-4 
LOAD POSITIVE (LPDR,LPER) floating-point 
instructions 9-12 
LOAD POSITIVE (LPR) binary instruction 
7-23 
LOAD PSW (LPSW) instruction 10-17 
LOAD REAL ADDRESS (LRA) instruction 10-17 
LOAD ROUNDED (LRDR,LRER) instructions 9-12 
load state 4-2 
asSigned storage while in 3-32 
in initial program loading 4-34 
load-unit-address controls 13-4 
loading (initial) (See initial program 
loading, initial microprogram loading) 
location not provided 6-14 
location 80 (for interval timer) 4-28 
location 84 (in tracing) 4-12 
loqical 
address 3-5 
in address translation 3-5 
arithmetic (See unsigned binary 
arithmetic) 
comparison 7-4 
connective 
AND 7-8 
EXCLUSIVE OR 7-18 
OR 7-30 
data 7-2 
logout 
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channel 12-69 
extended machine-check 11-26 
address 11-27 
length of 11-22 
validity bit for 11-21 
fixed 
assigned storage location for 3-31 
channel 12-69 
machine-check 11-26 
limited channel 12-69 


assigned storage location for 3-31 

machine-check 11-26 

pending (bit in CSW) 12-55 
long floating-point number 9-2 
long I/O block 12-62 
loop control 5-6 
loop of interruptions 
interruptions) 
low-address protection 3-8 

exception for 6-21 
LT (linkage table) 5-19 
LTD (linkage-table designation) 5-19 
LTL (linkaqe-table length) 5-19 
LTO (linkage-table origin) 5-19 
LX (linkage index) 5-18 

invalid bit 5-19 

translation exception 6-18 


(See string of 


machine check 11-2 
(See also malfunction) 


extended logout (MCEL) 11-26 
address 11-27 
length of 11-22 
validity bit for 11-21 


fixed logout 11-26 
interruption 6-13,11-11 
action 11-12 


code (MCIC) 3-31,11-15 


floating conditions 11-25 
logout 11-26 
control bits for 11-27 


mask in PSW 
Subclass masks 
Main storage 3-1 
(See also storage) 
power-on reset 4-34 
sharing of 4-36 
malfunction 11-2 
alert (external interruption) 6-12 
when entering check-stop state 
correction of 11-2 
effect of DIAGNOSE instruction 10-5 
effect on manual operation 13-1 
indication of 11-5 
Manual indicator 13-4 
(See also stopped state) 
Manual operations 13-1 
controls 
address-compare 13-2 
alter-and-display 13-2 
check 13-2 
IML 13-3 
interval-timer 13-3 
load-unit-address 13-4 
power 13-4 


4-6, 4-8 
11-25 


11-11 
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rate 13-4 

TOD-clock 13-6 
effect on CPU signaling 4-38 ) 
keys 


interrupt 13-3 
load-clear 13-4 
load-normal 13-4 
restart 13-4 
start 13-5 
stop 13-5 
store-status 13-5 
system-reset-clear 13-5 
system-reset-normal 13-5 
Masks 6-5 

(See also interruption) 

channel 6-13 

in BRANCH ON CONDITION instruction 7-10 

in COMPARE LOGICAL CHARACTERS UNDER MASK 

instruction 7-15 

in INSERT CHARACTERS UNDER MASK 

instruction 7-20 

in PSW 4-6,4-8 

in STORE CHARACTERS UNDER MASK 

instruction 7-35 

machine-check~subclass 
degradation-report 


11-25 
11-26 


external-damage-report 11-26 
recovery~report 11-26 
warning 11-26 


monitor 6-18 
PER event 4-15 
PER general-register 4-15 
program-interruption 6-14 
maximum negative number 7-2 
MCEL (See machine check, extended logout) 
MCIC (machine-check-interruption code) 
11-15 
message byte 8-7 
microprogram, initial loading of 13-3 
mode 
BC (See BC mode) 
burst (channel operation) 12-4 
byte-multiplex (channel operation) 12-4 
EC (See EC mode) 
primary- and secondary-space 5-12 
primary-space 3-13 
real 3-13 
secondary~space 3-13 
model 
channel 12-28 
CPO 10-44 
modifier bits (in CCW command code) 
MONITOR CALL (MC) instruction 7-23 
monitor class and code, assigned storage 
locations for 3-31 
monitor event 6-18 
monitoring 
for PER events (See PER) 
with MONITOR CALL 6-18 
MOVE (MVC,MVI) instructions 7-24 
examples A~17,A-19 
move instructions, overview of 5-13 
MOVE INVERSE (MVCIN) instruction 7-24 
move-inverse feature D-2 
MOVE LONG (MVCL) instruction 7-25 


12-34 


example A-20 | 
MOVE NOMERICS (MVYN) instruction 7-27 
example A-21 


MOVE TO PRIMARY (MVCP) instruction 10-18 


MOVE TO SECONDARY (MVCS) instruction 10-18 

MOVE WITH KEY (MVCK) instruction 10-20 

MOVE WITH OFFSET (MVO) instruction 7-28 
example A-21 

MOVE ZONES (MVZ) instruction 7-28 
example A-22 

multiplexer channel 12-5 

MULTIPLY (M,MR) binary instructions 7-29 
examples A-22 

MULTIPLY (MD,MDR,ME,MER,MXD,MXDR, MXR) 

floating-point instructions 9-13 

MULTIPLY DECIMAL (MP) instruction 8-10 
example A-32 

MULTIPLY HALFWORD (MH) instruction 7-29 
example A-23 

multiprocessing 4-36 
considerations for 
feature D-2 
manual operations for 13-6 
timing-facility interruptions for 4-25 
TOD clock for 4-22 

multiprogramming examples A-37 


A-3:7,:8-3 


N 


near-valid CBC 11-2 
in storage 11-5 
negative zero 
binary 7-2 
decimal 8-3 
example A-5 
new PSW 4-3 
assigned storage locations for 3-29 
fetched during interruption 6-2 
no-operation 
as an I/O command (control) 12-44 
instruction (BRANCH ON CONDITION) 7-10 
nonshared subchannel 12-5 
nonvolatile storage 3-2 
normalization 9-2 
not available (I/O-system state) 12-9 
not operational 
as CPU state 4-38 
effect on channel set 4-42 
as I/O-systenm state 12-10 
as TOD-clock state 4-23 
not ready 
as 1/O-device state 12-10 
as signal-processor status 4-40 
not set (TOD-clock state) 4-23 
nullification of instruction 5-8 
exceptions to 5-9 
for exigent machine-check conditions 
11-11 
numbering 
addresses (byte locations) 3-2 
bits 3-2 
numbers 
binary 7-2 
examples A-2 
CPU-model 10-44 
decimal 8-1 
examples A-5 
floating-point 9-1 
examples A-5 
numeric bits 8-1 
moving of 7-27 


0 


offset (for MOVE WITH OFFSET instruction) 
7-28 
old PSW 6-2 
assigned storage locations for 3-29 
one's complement binary notation 7-3 
used for SUBTRACT LOGICAL instruction 
7-38 
op code (operation code) 5-2 
operand 5-2 
address generation for 5-5 
immediate 5-4 
length 5-2 
overlap 7-2 
decinal 8-3 
register 5-4 
sequence of references for 5-33 
storage 5-4 
types (fetch, store, and update) 5-33 
used for result 5-3 
Operating state 4-2 
operation 
code (op code) 5-2 
invalid 6-19 
exception 6-19 
unit of 5-8 
operational state (I/O system) 12-9 
operator facilities 2-6, 13-1 
operator intervening (Signal-processor 
status) 4-40 
OR (0,0C,0I,OR) instructions 7-30 
example of problem with OR immediate 
A-37 
examples A-23 
orders (Signal-processor) 4-37 
CPU reset 4-38 
emergency Signal 4-37 
external call 4-37 
initial CPU reset 4-38 
initial microprogram load 4-38 
initial program reset 4-37 
program reset 4-37 
response to 4-38 
restart 4-37 
sense 4-37 
start 4-37 
stop 4-37 
stop and store status 4-37 
organization (system) 2-1 
overflow 
binary 7-3 
example A-2 
decimal 6-17 


exponent (See exponent overflow) 
fixed-point 6-18 
overlap 


destructive 7-25 

operand 7-2 
decimal 8-3 

operation 5-29 


overrun (bit in I/O-sense data) 12-45 


P 


PACK (PACK) instruction 7-31 
example A-23 


Index X-11 


packed decimal numbers 8-1 
conversion from zoned format 7-31 
conversion to zoned format 7-41 
examples A-5 
padding byte 
for COMPARE LOGICAL LONG instruction 
7-16 
for MOVE LONG instruction 7-25 
page 3-12 
index 3-12 
invalid bit 3-16 
Size 3-14 
svappinq 3-11 
table 3-16 
designation 3-15 
lookup 3-20 
translation exception 6-19 
as an access exception 6-24 
page-frame real address (PFRA) 3-16 
parameters, translation 3-12 
parity bit 11-2 
PASN (primary address-space number) 5-12 
pattern for editing 8-6 
PC-cp (PROGRAM CALL instruction, to Current 
Primary) 10-22 
PC number 5-14 
translation 5-18 
PC-ss (PROGRAM CALL instruction, with Space 
Switching) 10-22 
PC-tranSlation-specification exception 
6-20 
PCL (See program-controlled interruption) 
pending I/O operation 12-25 
pending interruption (See interruption, 
pending) 
PER (program-event recording) 4-14 
address, wraparound 4-17 
code and address 4-16 
assigned storage locations for 3-31 
ending address 4-15 
events 4-14 
general-register-alteration 4-18 
instruction-fetcning 4-18 
masks 4-15 
priority of interruptions 4-16 
program-interruption condition 6-20 
storage alteration 4-18 
storage-area designation 4-17 
successful branching 4-17 
gqeneral-register masks 4-15 
mesx (in PSW) 4-6 
subclass masks 4-15 
Starting address 4-15 
DFRA (page-frame real address) 3-16 
PKM (PSW-key mask) 5-15 
point of damage 11-14 
point of interruption 5-8 
for machine check 11-14 
postnormalization 9-2 
power controls 13-4 
power-on reset 4-34 
precision (floating-point) 9-1 
preferred sign codes 8-2 
prefetching 
for I/O 12-35 
of CCWs (channel-command word) 
of DAT-table entries 5-32 
of instructions 5-31 
prefix 3-9 


12-38 
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Store-status save area for 3-32 
prenormalization 9-2 : 
primary address space 3-11,5-12 ) 
primary ASN (PASN) 5-12 
primary authority 5-27 

exception 6-20 
primary segment table, designation (PSTD) 

3-14 
primary-space mode 3-13,5-12 
primary virtual address 3-5 
priority (See interruption) 
privileded instructions 4-6,4-8 

for control 10-1 

for I/O 12-15 
privileged-operation exception 6-20 
problem state 4-6,4-8 

bit in entry-table entry 5-20 


processing backup 11-19 
nrocessing damage 11-19 
processor (See CP0O) 
program 
check (channel status) 12-63 
event recording (See PER) 


events (See PER events) 
exceptions 6-14 
execution 5-2 
initial loading of 4-34 
interruption 6-14 
for I/0 instructions 
imprecise 6-7 
priority 6-24 
mask (in PSW) 4-7, 4-8 
reset 4-33 
as Signal-processor order 4-37 ) 


12-32 


status word (See PSR) 
PROGRAM CALL (PC) instruction 
to Current Primary (PC~-cp) 
trace entry 4-13 
With Space Switching (PC-ss! 10-22 
program-controlled interruption (PCT) 
12-40 
channel status 
Flag 12-34 
program mask (in PSW), validity bit for 
11-20 


10-21 
10-22 


12-62 


PROGRAM TRANSFER (PT) instruction 10-28 
to Current Primary (PT-cp) 10-28 
trace entry 4-13 
with Space Switching (PT-ss) 10-28 

protection 
check (channel status) 12-63 
during +racing 4-12 


exception 6-21 
as an access exception 6-24 
of storage (See storage protection) 
PSTD (primary segment-table designation) 
3-14 
PSTL (primary segment-table length) 3-14 
PSTO (primary segment-table origin) 3-14 
PSW (program-Status word) 2-3,4-3 
assigned storage locations for 3-29 
BC-mode 4-8 
EC-mode 4-6 
exceptions associated with 6-8 
format error 6-8 
in initial program loading 4-34 
assigned storage locations 3-32 J 
in program execution 5-6 
validity bits for 11-20 


PSW, store-status save area for 3<32 
PSW key 

in PSW 4-6,4-8 

mask (PKM) 5-15 

used as access key 3~7 

validity bit for 11-20 
PSW-key-handling feature D<2 
PT-cp (PROGRAM TRANSFER instruction, to 
Current Primary) 10-28 


PT-ss (PROGRAM TRANSFER instruction, with 


Space Switching) 10-28 
PURGE TLB (PTLB) instruction 10-33 


R 


R field of instruction 5-4 
range, floating-point 9-1 
rate control 13-4 
read (I/O command) 12-43 
tead backward (I/0 command) 12-44 
READ DIRECT (RDD) instruction 10-33 
read-write-direct facility 422 
real address 3-4 
real mode 3-13 
real storage 3-5 
assigned locations in 3-29 
receiver check (sigqnal-processor status) 
4-40 
recovery 
condition 11-12 
extension feature D-4 
system 11-17 
mask bit for 11-26 
redundancy 11-2 
reference 
bit 3-6 
recording 3-8 
sequence for storage 5-29 
DAT=table entries 5-32 
instructions 5-31 
operands 5-33 
storage keys 5-32 
single-access 5-35 
region code 11-24 
assigned storage location for 3-31 
validity bit for 11-21 
register 
base~address 2-3 
control 2-4 
designation of 5-4 
floating-point 2-3 
general 2-3 
index 2-3 
prefix 3-9 
Save areas 3-31,11-22 
validation 11-9 
validity bits for 11-21 
remote operating stations 13-1 
report masks 11-26 


repressible machine-check condition 11-12 


RESET REFERENCE BIT (RRB) instruction 
10-34 
resets 4-29 
effect on CPU state 4-2 
effect on TOD clock 4-23 
I/O 12-11 
resolution 


of clock comparator 4-26 
of CPU timer 4-27 
of interval timer 4-28 
of TOD clock 4-23 
restart 
aS Signal-processor order 4-37 
interruption 6-29 


key 13-4 
result operand 5-3 
retry 

CPU. 11-3 


I/O command 12-47 
rounding (decimal) 8-11 
RR instruction format 5-3 
RRE instruction format 5-3 
RS instruction format 5-3 
running (of TOD clock) 4-23 
RX instruction format 5-3 


S 


S instruction format 5-3 
SASN (secondary address-space number) 5-12 
Save, areas for registers 3-31,11-22 
secondary address space 3-11,5-12 
secondary ASN (SASN) 5-12 
secondary authority 5-27 
exception 6-21 
secondary segment table, designation (SSTD) 
3-15 
secondary space 
changing from 5-13 
control bit 5-16 
in control register 0 3-14 
mode 3-13 
secondary~space mode 5-12 
secondary virtual address 3-5 
segment 3-12 
index 3~12 
invalid bit 3-16 
size 3-14 
table 3-15 
designation (STD) 3-14 
lookup 3-20 
translation exception 6-21 
aS an access exception 6-24 
segment size, no provision for 1M-byte D-2 
segment-table designation, effective 3-17 
selective reset (I/0) 12-11 
selector channel 12-4 
self-describing block of I/O data 12-38 ° 
semiprivileged 5-11 
semiprivileged instructions 10-2 
sense 
as an IYO command 12-45 
as Signal-processor order 4-37 
basic 12-45 
sense data (I/0) 12-45 
sense ID (I/O command) 12-46 
sequence 
code (in limited channel logout) 12-73 
conceptual 5-29 
instruction-execution 5-2 
of storage references 5-29 
serialization 5-37 
completion of store operations 5-33 
in tracing 4-13 


Index X-13 


serially reusable resource (SRR), 
definition A-39 

service processor 4-29 

service signal 4-29 

external interruption 6-12 

SET ADDRESS SPACE CONTROL (SAC) instruction 
10-34 

SET CLOCK (SCK) instruction 10-35 

SET CLOCK COMPARATOR (SCKC) instruction 
10-36 

SET CPU TIMER (SPT) instruction 10-36 

SET PREFIX (SPX) instruction 10-36 

SET PROGRAM MASK (SPM) instruction 7-31 

SET PSW KEY FROM ADDRESS (SPKA) instruction 
10-37 


SET SECONDARY ASN (SSAR) instruction 10-38 
to Current Primary (SSAR-cp) 10-38 
trace entry 4-13 
with Space Switching (SSAR-Ss) 10-38 

set state (TOD clock) 4-23 

SET STORAGE KEY (SSK) instruction 10-41 

SET SYSTEM MASK (SSM) instruction 10-41 

shared control unit and subchannel 12-5 

shared main storage 4-36 

shared storage (See storage, shared) 

Shared TOD clock 4-22 


SHIFT AND ROUND DECIMAL (SRP) instruction 
8-11 
examples A-32 
SHIFT LEFT DOUBLE (SLDA) instruction 
example A-24 
SHIFT LEFT DOUBLE LOGICAL (SLDI) 
instruction 7-32 
SHIFT LEFT SINGLE (SLA) instruction 
example A-24 
SHIFT LEFT SINGLE LOGICAL (SLL) instruction 
7-33 
SHIFT RIGHT DOUBLE (SRDA) instruction 
SHIFT RIGHT DOUBLE LCGICAL (SRDL) 
instruction 7-34 
SHIFT RIGHT SINGLE (SRA) instruction 
SHIFT RIGHT SINGLE LOGICAL (SRL) 
instruction 7-35 
shifting 
decimal 8-11 
floating-point (See normalization) 
short floating-point number 9-2 
short I/0 block 12-62 
SI instruction format 5-3 
Sign bit 
binary 7-2 
floating-point 9-1 
Sign codes (decimal) 8-2 
Signal-in lines 6-11 
SIGNAL PROCESSOR (SIGP) instruction 
order codes 4-37 
Signed binary 
arithmetic 7-3 
comparison 7-4 
integer 7-2 
examples A-2 
significance 
exception 6-22 
loss 9-2,9-7 
mask in PSW 
starter 8-7 
single-access reference 
SIO and SIOF functions 
size 


71-32 


T=33 


7-34 


7-34 


10-42 


4-7, 4-8 


5=35 
12-25 
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notation for iv 


of seqment and page 3-14 
skip flag in CCW 12-34 
skipping (during I/0) 12-39 


SLI (suppress-length indication) flag in 
CCW 12-34 
solid errors 

source 
field in limited channel logout 
of interruption 6-5 
Space-switch event 5-17 
bit 5-17 
after ASN translation 5-24 
mask, in translation control 3-14 
overview of 5-15 
program-interruption condition 
special-operation exception 6-22 
specification exception 6-22 
SRR (serially reusable resource) definition 
A- 39 
SS instruction format 5-3 
SSAR-cp (SET SECONDARY ASN instruction, to 
Current Primary) 10-38 
SSAR-ss (SET SECONDARY ASN instruction, 
with Space Switching) 10-38 
SSE instruction format 5-3 
SSM-Suppression-control bit 6-22 
SSTD (secondary segment-table designation) 
3-15 
SSTL (secondary segment-table length) 
SSTO (secondary segment-table origin) 
standalone dump 13-5 


11-5 
12-72 


6-22 


3-15 
3-15 


standard epoch (for TOD clock) 4-24 
standard instruction set D-1 
start 
as Signal-processor order 4-37 
function 4-2 
key 13-5 
START I/O (SIO) instruction 12-25 


START I/O FAST RELEASE (SIOF) instruction 
12-25 
state 
CPU (See CPU state) 
I/fO system 12-9 


TOD clock 4-23 
status 

device 12-45 

in CSW 12-55 


contents of 12-68 
modifier (of I/O-unit status) 
progran (See PSwW) 
register for 4-37,10-42 
resulting from signal-processor orders 

4-39 
storing of 4-35 
manual key for 13-5 
STD (segment-table designation) 
STL (segment-table length) 3-14 
STO (Ssegment-table origin) 3-14 
stop 
as Signal-processor order 
function 4-2 
key 13-5 
stop and store status (signal-processor 
order) 4-37 
stopped bit (in signal-processor status) 
4- 40 
stopped state 
of CPU 4-2 


12-56 


3-14 


4-37 


effect on completion of store 
operations 5-33 
of TOD clock 4-23 
storage 3-1 
absolute 3-5 
address wraparound 
for MOVE INVERSE instruction 7-24 
for MOVE LONG instruction 7-25 
addressing 3-2 
(See also address) 
alteration 
Manual control for 13-2 
PER event 4-18 
area desiqnation 
for I/O operations 
for PER events 4-17 
assigned locations in 3-29 
auxiliary 3-1,3-11 
block 3-4 
testing for usability 
buffer (cache) 3-2 
clearing, by clear-reset function 4-33 
configuration of 3-4 
control unit (in limited channel logout) 
12-72 
direct-access 3-1 
display 13-2 
error 11-19 
failing address 
address) 
interlocks 5-30 
internal 2-3 
key 3-6 
error 11-20 
sequence of references to 5-32 


12=35 


10-46 


(See failing-storage 


testing for usability 10-46 
validation of 11-7 
logical validity bit for 11-21 


main 3-1 
operand 5-4 
consistency 5-35 
fetch reference 5-33 
store reference 5-33 
update reference 5-34 
prefixing for 3-9 
protection 3-6 
key-controlled protection 3-6 
low-address protection 3-8 
real 3-5 
sequence of references 5-29 
shared 
by address spaces 3-11 
by CPUs and channels 3-4 
examples A-37 
size of, notation for iv 
validation 11-6 
virtual 3-11 
created by DAT 3-11 
volatile 3-2 
effect of power-on reset 4-34 
STORE (ST) binary instruction 7-35 
STORE (STD,STE) floatina-point instructions 
9-14 
STORE CHANNEL ID (STIDC) instruction 12-28 
STORE CHARACTER (STC) instruction 7-35 
STORE CHARACTERS UNDER MASK (STCM) 
instruction 7-35 
examples A-25 
STORE CLOCK (STICK) instruction 7-36 


STORE CLOCK COMPARATOR (STCKC) instruction 
10-43 
STORE CONTROL (STCTL) instruction 10-43: 
STORE CPU ADDRESS (STAP) instruction 10-44 
STORE CPU ID (STIDP) instruction 10-44 
STORE CPU TIMER (STPT) instruction 10-45 
STORE HALFWORD (STH) instruction 7-37 
STORE MULTIPLE (STM) instruction 7-37 
example A-25 
STORE PREFIX (STPX) instruction 
store reference 5-33 
access exceptions for 6-24 
store status 4-35 
aS Signal-processor order 4-37 
key 13-5 
STORE THEN AND SYSTEM MASK (STNSM) 
instruction 10-45 
STORE THEN OR SYSTEM MASK (STOSM) 
instruction 10-46 
string of interruptions 4-3,6-30 
by clock comparator 4-26 
by CPU timer 4-27 
subchannel 12-4 
not operational (I/0O-system state) 
12-11 
working (I/O-system state) 
subchannel key 
in CAW 12-33 
in CSW 12-55 
contents of 12-66 
validity flag for 12-72 
used as access key 3-7 
used for initial program loading 4-34 
subclass-mask bits 6-5 
external-interruption 6-9 


10-45 


12-10 


machine-check 11-25 
subroutine linkage 5-6 
subsystem 


linkage-control bit 

reset 4-33 
SUBTRACT (S,SR) binary instructions 7-37 
SUBTRACT DECIMAL (SP) instruction 8-12 
SUBTRACT HALFWORD (SH) instruction 7-38 
SUBTRACT LOGICAL (SL,SLR) instructions 
7-38 
SUBTRACT NORMALIZED (SD,SDR,SE,SER,SXR) 
instructions 9-15 
SUBTRACT UNNORMALIZED (SU,SUR,SW,SWR) 
instructions 9-15 
successful branching (PER event) 4-17 
SUPERVISOR CALL (SVC) instruction 7-39 
supervisor-call interruption 6-30 
Supervisor state 4-6,4-8 
suppress-length-indication (SLI) flag in 
CCW 12-34 
suppression of instruction 5-8 

exceptions to 5-9 
swapping 

by COMPARE (DOUBLE) AND SWAP 

instructions 7-12 

by EXCLUSIVE OR instruction 7-19 
Switching, channel-set 4-41 
synchronization 

checkpoint 11-3 

CPU timer with TOD clock 4-27 

of TOD clocks 4-23,4-25 
synchronous 

logout 11-26 

machine-check-interruption conditions 


5-16,5-19 


Index x-15 


11-18 


systen 
check stop for 11-11 
damage 11-16 


Manual control of 13-1 
mask (in PSW) 4-3 
validity bit for 
organization 2-1 
recovery 11-17 
reset (See resets) 
I/O (See I/O-system reset) 
system-reset-clear key 13-5 
system-reset-normal key 13-5 


11-20 


T 
target instruction (See EXECUTE 
instruction) 
termination 
code (in limited channel logout) 12-72 
of instruction 5-8 
termination of I/O operations 
by channel or device 12-50 
by CLEAR I/O 12-52 
by HALT DEVICE 12-51 
due to equipment malfunction 12-52 


termination of instruction, for exigent 
machine-check conditions 11-11 
TEST AND SET (TS) instruction 7-39 
TEST BLOCK (TB) instruction 10-46 
test-block feature D-4 
TEST CHANNEL (TCH) instruction 12-29 
TEST I/O (TIO) instruction 12-29 
function performed by CLEAR I/0 
instruction 12-17 
test indicator 13-5 
TEST PROTECTION (TPROT) instruction 10-48 
TEST ONDER MASK (TM) instruction 7-39 
example A-25 
testing for storage-block and storage-key 
usability 10-46 
TIC (transfer-in-channel) I/O command 
12-47 
time-of-day clock 
timeout 
bits in external-damage code 
channel 12-4 
timer 
CPU 
interval 
timing facilities 
damage 11-17 
for TOD clock 4-23 
(translation-lookaside buffer) 
deletion of entries 3-26 
entry 
effect of translation changes 
state 3-22 
TOD clock 
effect of power-on reset 
manual control for 13-6 
setting and storing 4-24 
State 4-23 
effect on interval timer 4-28 
sync check (external interruption) 
synchronization facility 4-25 
unique values 4-24 


(See TOD clock) 


11-23 


(See CPU timer) 
(See interval timer) 
4-22 


TLB 3~21 


3-25 


4-34 
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6-12 


validation 11-9 
TOD-clock control 13-6 
enables TOD clock 4-23 
TOD-clock-sync-control bit 
tracing 4-11 
entry formats 
header 4-12 
interlocked update 
location 8& 4-12 
overview of 5-15 


4-13 
4-12 


4-23,4 


-26 


serializing and checkpoint synchronizing 


4-13 
trace exceptions 
trace-table entry 


6-29 
4-13 


transfer-in-channel (TIC) I/O command 


12-47 
TRANSLATE 
example 


(TR) instruction 
A-26 


TRANSLATE AND TEST (TRT) instruction 


example A-26 

translation 
address 
ASN 3-11 


control of address 


3-11 
3-12 


7-40 


7-41 


exception address, assigned storage 


location for 3-30 


exception identification, assigned 


storage location for 3- 
feature D-2 
format 3-14 
lookaside buffer 
parameters 3-12 
PC number 5-18 
specification exception 

as an access exception 
tables for 3-15 
trial execution 5-10 
true zero 9-1 
two's complement binary nota 
examples A-2 


U 


underflow 
unit check (I/O-unit status) 
unit exception (I/O-unit sta 
unit of operation 5-8 
unit status 12-56 

validity flag for 12-72 
universal instruction set D 


unnormalized floating-point number 


UNPACK (UNPK) instruction 7 
example A-28 
unsigned binary 
arithmetic 7-3 
integer 7-2 
examples A-4 
in address generation 
update reference 5-34 
usable TLB entry 3-22 


valid, CBC 11-2 
valid TLB entry 3-22 


30 


(See TLB) 


6-23 
6-24 


tion 


12-6 
tus) 


-1 


-41 


5-5 


12 


(See exponent underflow) 


1 
12-62 


9-2 


validation 11-5 of PER addresses 4-17 


of registers 11-9 of register numbers 
of storage 11-6 for LOAD MULTIPLE instruction 7-22 
of storage key 11-7 for STORE MULTIPLE instruction 7-37 
of TOD clock 11-9 of storage addresses 3-2 
validity bits (in for MOVE INVERSE instruction 7-24 
machine-check-interruption code) 11-20 for MOVE LONG instruction 7-25 
validity flags (in limited channel logout) of TOD clock 4-23 
12-72 write (I/0 command) 12-43 
variable-length field 3-3 WRITE DIRECT (WRD) instruction 10-49 


version code 10-44 
virtual address 3-4 
virtual storage 3-11 


created by DAT 3-11 x 
volatile storage, effect of power-on reset 
4-34 X field of instruction 5-5 

W Z 

Wait indicator 13-6 zero, true 9-1 
wait state (bit in PSW) 4-6,4-8 ZERO AND ADD (ZAP) instruction 8-12 
warning (machine-check condition) 11-18 example A-34 

mask bit for 11-26 zero instruction-length code 6-6 
word 3-3 zone bits 8-1 

concurrency of reference 5-35 moving of 7-28 
working state (I/O system) 12-10 zoned decimal numbers 8-1 
wraparound examples A-5 


of instruction addresses 5-5 
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